Physicai 

Sci 

.Lib 

QE 

89 

Al 

C32 

no.: 

102 

c.2 

'   I.  I)    ^ 


!k   PL 


o 


J3     PHYSICAL  SCIENCES  f 

IX.  LIBRARY 

UC  DAVIS 


ON 


THE   SAN   JACINTO   FAULT    ZONE 
IN  THE   SAN  BERNARDINO   AREA 

1: 


I  Muscdy 


fyalt< 
por 
ield 


—  J 


^ 


_ 


'Hi 


"SS  Pi  '£/?/ 


411 


/  /VO  S-4.  k/r-4 


3 


mi  -rfrr — 

IE" 


IflS 


mi 


TT>flS>oimligton 


-eS1 


311 


M 


:ifl 


u+uU 


fTTT: 


a 


i 


a 


^* 


^i 


i 


*£Z 


mt 


■■■"-  "lit        i 


r 


^gig; 


.'■  ■  E3jj 


if 


m 


y  Marigold  I-!   '■' 


DOUGLAS  P.   WHEELER 
SECRETARY  FOR  RESOUR~ 





F   CALIFORN 

PETE  WILSON 
GOVERNOR 


5   KILOMETERS 
5   MIL 


ARTMENT   OF   CONSERVATION 

EDWARD  G.   HEIDIG 
DIRECTOR 


DIVISION  OF  MINES  AND  GEOLOGY 

JAMES  F.  DAVIS 
STATE  GEOLOGIST 


BASE    MAP    ON    COVER    BY    U.S.    GEOLOGICAL    SURVEY 


SPECIAL  PUBLICATION  102 


PLANNING  SCENARIO 

FOR  A  MAJOR  EARTHQUAKE 

ON  THE  SAN  JACINTO  FAULT  IN  THE  SAN  BERNARDINO  AREA 


By 

CALIFORNIA  DEPARTMENT  OF  CONSERVATION 

DIVISION  OF  MINES  AND  GEOLOGY 

Tousson  R.  Toppozada,  Glenn  Borchardt,  and  Claudia  L.  Hallstrom 

CONSULTANTS 
Carl  B.  Johnson,  Per  Ron,  and  Henry  J.  Lagorio 


1993 


California  Department  of  Conservation 

Division  of  Mines  and  Geology 

801  K  Street,  MS  12-30 

Sacramento,  California   95814-3531 


|  UNIVERSITY  OF 

CALIFORNIA 

JAN  31 

1995 

GOV'T.  D 

—  L 

TABLE  OF  CONTENTS 

Page 

FOREWORD 1 

ACKNOWLEDGMENTS 3 

EXECUTIVE  SUMMARY 5 

PREVIOUS  WORK 14 

INTRODUCTION 15 

The  Planning  Area  15 

Earthquake  Planning  Scenario  Maps 15 

Damage  Assessments 17 

Use  and  Limitations  of  Scenario  Maps  and  Damage  Assessments 17 

SECTION  1.  GEOLOGY  AND  SEISMOLOGY 

THE  SAN  JACINTO  FAULT  ZONE 21 

The  Alquist-Priolo  Special  Studies  Zones 22 

EARTHQUAKE  HISTORY 24 

1812 26 

1857  January  9 26 

1858  December  16 26 

1890  February  9 27 

1894  July  29 27 

1899  July  22 27 

1899  December  25 27 

1907  September  19 28 

1910  May  15 28 

1918  April  21 28 

1923  July  22 29 

1970  September  12 30 

1990  February  28 30 

1992  June  28 30 

THE  SCENARIO  EARTHQUAKE 31 

Rationale  for  Selecting  the  Earthquake 31 

Characteristics  of  the  Scenario  Earthquake 32 


SECTION  1.  GEOLOGY  AND  SEISMOLOGY  (cont.) 

Predicted  Seismic  Intensity  Distribution 32 

Introduction 32 

Development  of  Seismic  Shaking  Intensity  Map 33 

Ground  Deformation 35 

Characteristics  of  the  Seismic  Intensity  Distribution 35 

Shaking 37 

Fault  Rupture 38 

Liquefaction 38 

Seismically  Induced  Landslides 40 

Comparison  to  M8  Earthquake  on  the  San  Andreas  Fault 42 


SECTION  2.   BUILDINGS  AND  STRUCTURES 

BUILDINGS  45 

Seismic  Considerations 45 

Introduction 45 

Ground  Motions  and  Building  Damage 45 

Short  Period  Motion  Effects 46 

Long  Period  Motion  Effects 47 

Earthquake  Resistive  Design 47 

History  of  Building  Codes 47 

Planning  Considerations 49 

Unreinforced  Masonry  Buildings 49 

PUBLIC  SCHOOLS 57 

General  Characteristics 57 

Seismic  Considerations 60 

Planning  Scenario 61 

FIRE  AND  POLICE 63 

General  Considerations 63 

Seismic  Considerations 66 

Planning  Scenario 67 

HOSPITALS 69 

General  Characteristics 69 

Seismic  Considerations 69 

Planning  Considerations 72 

Planning  Scenario 73 


IV 


SECTION  3.  TRANSPORTATION  LIFELINES 

HIGHWAYS 75 

General  Characteristics 75 

Planning  Considerations 77 

Damage  Assessments 79 

AIRPORTS 91 

General  Characteristics 91 

Seismic  Considerations 91 

Damage  to  Structures 92 

Access  to  the  Airports 93 

Damage  to  Utility  Lines 93 

Runway  Damage 93 

Planning  Considerations 94 

Planning  Scenario 94 

Damage  Assessments 95 

RAILROADS 101 

General  Characteristics 101 

Seismic  Considerations 102 

Planning  Considerations 103 

Planning  Scenario 104 

Damage  Assessments 105 


SECTION  4.   UTILITY  LIFELINES 

COMMUNICATIONS 111 

General  Characteristics 111 

Telephone  Systems 112 

Specific  Vulnerabilities 116 

Public  Safety  Radio  Systems 117 

Amateur  Radio 117 

Radio  Amateur  Civil  Emergency  Service 118 

Aircraft  and  Marine  Radio  Communications 118 

Cellular  Radio  Systems 118 

Satellite  Communications 118 

Emergency  Public  Information  (EPI) 118 

Data  Communications 120 

Other  Radio  Systems 120 

Planning  Considerations 120 

Planning  Scenario 121 

Effectiveness  of  Essential  Services  Lines 121 

General  Switching  Offices 121 


SECTION  4.   UTILITY  LIFELINES  (cont.) 

ELECTRIC  POWER 125 

General  Characteristics 125 

Seismic  Considerations 125 

Bulk  Transmission  Substations 126 

Power  Plants 129 

Overhead  Transmission  Lines 130 

Buried  Cable 131 

Planning  Considerations 132 

Planning  Scenario 132 

Damage  Assessments 134 

WATER  SUPPLY 143 

General  Characteristics 143 

Reservoirs 144 

Water  Supply  and  Usage 145 

Seismic  Considerations 146 

Aqueducts 146 

Reservoirs 146 

Wells  and  Tanks 146 

Water  Treatment  Plants 148 

Primary  Transmission  Water  Lines 149 

Secondary  Distribution  Lines 149 

The  Loma  Prieta  Experience 150 

Planning  Considerations 150 

Planning  Scenario 153 

Damage  Assessments 154 

WASTEWATER 165 

General  Characteristics 165 

Seismic  Considerations 166 

Planning  Considerations 168 

Planning  Scenario 168 

Collection  System 168 

Treatment  Plants 168 

Damage  Assessments 169 

NATURAL  GAS 173 

General  Characteristics 173 

Seismic  Considerations 174 

Planning  Considerations 176 

Planning  Scenario 176 

Damage  Assessments 177 


VI 


SECTION  4.   UTILITY  LIFELINES  (cont.) 

PETROLEUM  183 

General  Characteristics 183 

Petroleum  Lines 183 

Petroleum  Tank  Farms 184 

Seismic  Considerations 185 

Planning  Considerations 187 

Fire  Hazard 187 

Planning  Scenario 188 

Damage  Assessments 188 

Effects  Outside  the  Planning  Area 191 

COLLOCATION  IMPACTS 192 

GLOSSARY 197 

REFERENCES 199 

SECTION  5.  APPENDIXES 

APPENDIX  A:  Modified  Mercalli  Intensity  Scale  of  Wood 209 

and  Neumann,  and  its  Relation  to  the 
Rossi-Forel  Scale 

APPENDIX  B:  Landers  and  Big  Bear  Earthquakes 213 

APPENDIX  C:         Alquist-Priolo  Special  Studies  Zones  Maps 219 

APPENDIX  D:         Earthquake  Planning  Scenario  Maps 221 


VII 


TABLES 

Table  1  Geologic  Units  and  Shaking  Intensity  Factors 36 

Table  B-1        Unreinforced  Masonry  Buildings  in  the  Planning  Area 51 

Table  S-1        Colleges  in  the  Planning  Area 58 

Table  S-2       High  Schools  and  Junior  High  Schools  in 58 

the  Planning  Area 

Table  F-1  Fire  Stations  in  the  Planning  Area 65 

Table  H-1  Acute  Care  Hospitals  in  the  Planning  Area 70 

Table  H-2  Summary  of  Estimated  Bed  Losses 74 

Table  T-1  Telephone  Switching  Offices 115 

FIGURES 

Figure  1.        Index  map  showing  the  planning  area  and  the  major 16 

faults.  This  scenario  considers  a  major  earthquake 
on  the  34  mile  (55  km)  segment  of  the  San  Jacinto 
fault  centered  at  San  Bernardino. 

Figure  2.         Earthquakes  of  Magnitude  U  4.0  (1932-1991)  in 25 

and  near  the  northern  San  Jacinto  Fault  Zone. 

Figure  3.        Schematic  distribution  of  unreinforced  masonry 52 

buildings  in  Riverside. 

Figure  4.        Schematic  distribution  of  unreinforced  masonry 53 

buildings  in  San  Bernardino. 

Figure  5.         Schematic  distribution  of  unreinforced  masonry 54 

buildings  in  Fontana. 

Figure  6.         Schematic  distribution  of  unreinforced  masonry 55 

buildings  in  Redlands. 


VIII 


PHOTOS 


Photo  1.         High-altitude  vertical  aerial  photo  of  upper  Santa 

Ana  Valley,  southern  California,  with  overlay  showing 
major  faults. 

Photo  2.         San  Andreas  fault  zone  (SA)  on  the  east  and  San 

Jacinto  fault  zone  (SJ)  on  the  west  bound  central 
San  Bernardino;  view  northeast.  The  thickness  of 
alluvium  exceeds  1 ,200  feet  in  the  center  of  the 
area  northeast  of  the  San  Jacinto  fault.   In  the  late 
1800s,  most  of  the  valley  region  northeast  of  the 
San  Jacinto  was  an  area  of  springs  and  marshland 
with  flowing  streams.   Mining  of  ground  water  in 
the  first  half  of  this  century  caused  at  least  1  foot 
of  subsidence  between  Loma  Linda  (center  of  photo) 
and  San  Bernardino  (left). 


XI 


23 


Photo  3.         Earthquake  damage  in  San  Jacinto  resulting  from 
the  April  1918  earthquake  on  the  San  Jacinto 
fault. 


29 


Photo  4.         Seismically  induced  "sand  boil"  suggesting 

liquefaction  conditions  in  Colton-San  Bernardino 
area  before  urbanization.  The  unconsolidated  sands 
and  gravels  shown  here  are  typical  of  the  alluvial 
filled  channels  in  the  San  Bernardino  area  and 
represent  a  liquefaction  hazard  when  saturated. 


39 


Photo  5.         San  Jacinto  fault  zone  west  of  the  Life  Science .. 
Building  at  San  Bernardino  Valley  College.  The 
fault  and  sag  pond  deposits  as  exposed  in  the 
trench  are  shown  in  cross  section. 


59 


Photo  6.         San  Jacinto  fault  zone,  through  south  San  Bernardino., 
and  Colton;  view  northward.  The  San  Jacinto  fault 
bisects  the  campus  of  San  Bernardino  Valley  College 
(SBVC),  and  passes  through  the  northeast  quadrant  of 
the  Interstate  10  and  215  interchange  (lower  right). 


78 


Photo  7.         Devers  substation,  showing  insulators  destroyed 
within  1  mile  of  the  epicenter  of  the  8  July  1986 
North  Palm  Springs  earthquake  of  M5.6. 


127 


IX 


PHOTOS  (cont.) 


Photo  8a.       Breaks  in  the  Holocene  alluvium  overlaying  the  San  .. 
Jacinto  fault  in  the  California  Aqueduct  pipeline 
trench  about  700  feet  (210  m)  north  of  Foothill 
Boulevard  in  west  San  Bernardino.  The  9  foot 
(2.75  m)  diameter  high  pressure  pipeline  was  placed 
next  to  the  Lytle  Creek  flood  control  channel  through 
this  part  of  the  city.  White  rectangle  enlarged  in 
photo  8b. 


147 


Photo  8b.       Close-up  of  Holocene  San  Jacinto  fault  break  shown 
in  photo  8a.  Observer  is  looking  down  the  strike 
of  this  lateral  fault  break.  Several  similar  breaks 
transect  the  pipeline  trench  at  this  locality. 


147 


Photo  9.         Cajon  Pass,  point  of  separation  for  the  San  Jacinto 
and  San  Andreas  fault  zones;  view  northwest. 


193 


SAN  JACINTO  EARTHQUAKE  PLANNING  SCENARIO 


Photo  1 .       High-altitude  vertical  aerial  photo  of  upper  Santa  Ana  Valley,  southern  California,  with 
overlay  showing  major  faults  (from  Fife  and  others,  1976). 
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FOREWORD 

•  During  the  last  25  years  earthquakes  of  about  magnitude  (M)  6  or  greater 
have  caused  loss  of  life  or  property  in  California:  1968  Borrego  Desert,  1971 
San  Fernando,  1975  Oroville,  1979  Imperial  Valley,  1979  Coyote  Lake,  1980 
Livermore,  1980  Mammoth  Lakes,  1980  offshore  Humboldt  County,  1983 
Coalinga,  1984  east  of  San  Jose,  1984  northwest  of  Bishop,  1986  Palm 
Springs,  1986  Chalfant  (Mono  County),  1987  Whittier  Narrows,  1987 
Superstition  Hills  (Imperial  County),  1989  Loma  Prieta,  1992  Petrolia 
(Humboldt  County),  1992  Landers  and  Big  Bear,  and  1994  Northridge. 

•  During  the  110  years  preceding  1968,  California  has  been  struck  by  seven 
major  earthquakes  of  about  M7  or  greater:    1857  Fort  Tejon,  1868  Hayward, 
1872  Owens  Valley,  1906  San  Francisco,  1923  offshore  Humboldt  County, 
1940  Imperial  Valley,  and  1952  Kern  County.    Most  of  these  occurred  while 
California  was  still  sparsely  populated,  or  occurred  away  from  population 
centers. 

•  The  northern  half  of  the  San  Jacinto  fault  zone  (SJFZ)  was  the  source  of  the 
damaging  1899,  1918,  and  1923  earthquakes  of  M6  to  7.   The  1923 
earthquake  was  located  near  the  SBV  segment  considered  in  the  present 
scenario,  near  Loma  Linda.   The  1918  and  1899  earthquakes  occurred  to  the 
southeast  between  San  Jacinto  and  Hemet. 


• 


In  1988  the  Working  Group  on  California  Earthquake  Probabilities  (WGCEP) 
estimated  30  year  probabilities  of  20  percent  for  a  M7  event  on  the  San 
Bernardino  Valley  (SBV)  segment  of  the  San  Jacinto  fault  zone,  and  20 
percent  for  a  M7.5  event  on  the  San  Bernardino  Mountains  segment  of  the 
San  Andreas  fault. 
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•     These  probabilities  for  individual  faults  are  currently  being  reviewed  and  will 
be  revised  in  late  1993  by  a  working  group  of  the  National  and  California 
Earthquake  Prediction  Evaluation  Councils  and  the  Southern  California 
Earthquake  Center.    In  November  1992,  that  group  released  a  Phase  I  report 
on  implications  of  the  Landers  earthquake  sequence  on  the  probabilities  of 
large  earthquakes  in  southern  California,  indicating  that  the  probability  of  a 
M7  or  larger  earthquake  in  the  whole  of  southern  California  for  the  next  few 
years  is  currently  about  5  to  12  percent  per  year.   Also,  this  report  indicated 
that  if  a  large  event  occurs  within  62  miles  (100  km)  of  Landers  in  the  next 
few  years,  it  would  likely  occur  on  one  of  three  structures:  1)  The  Mojave 
shear  zone;  2)  The  San  Bernardino  Mountains  segment  and  adjoining 
segments  of  the  San  Andreas  fault;  3)  The  northern  San  Jacinto  fault. 


An  earthquake  of  M7  on  the  SBV  segment  of  the  SJFZ  within  the  urban  San 
Bernardino-Riverside  area  is  a  significant  hazard  to  lives  and  property.   This 
scenario  portrays  many  of  the  consequences  of  such  an  earthquake. 
Hopefully,  increased  awareness  of  possible  damage  effects  will  stimulate 
regional  planning  programs  to  cope  with  such  an  eventuality. 


• 


This  planning  scenario  gives  estimates  of  how  long  various  lifelines  can  be 
expected  to  be  out  of  service  following  the  earthquake.   These  estimates 
assume  that  equipment,  repair  materials,  access,  and  response  personnel  are 
available.    If  they  are  not  available  for  each  lifeline,  then  priorities  must  be 
set,  and  certain  lifeline  elements  will  be  out  of  service  for  longer  periods.   The 
scenario  mainly  addresses  the  initial  3  day  response  period. 
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SCENARIO  MAPS  AND  DAMAGE  ASSESSMENTS 

ARE  INTENDED  FOR  EMERGENCY  PLANNING 

PURPOSES  ONLY 


THEY  ARE  BASED  UPON  THE  FOLLOWING  HYPOTHETICAL 
CHAIN  OF  EVENTS: 

1.  A  PARTICULAR  EARTHQUAKE  OCCURS 

2.  VARIOUS  LOCALITIES  IN  THE  PLANNING  AREA 
EXPERIENCE  A  SPECIFIC  TYPE  OF  SHAKING  OR  GROUND 
FAILURE 

3.  CERTAIN  CRITICAL  FACILITIES  UNDERGO  DAMAGE  AND 
OTHERS  DO  NOT 

THE  CONCLUSIONS  REGARDING  THE  PERFORMANCE  OF 
FACILITIES  ARE  HYPOTHETICAL  AND  NOT  TO  BE  CONSTRUED 
AS  SITE-SPECIFIC  ENGINEERING  EVALUATIONS.  FOR  THE 
MOST  PART,  DAMAGE  ASSESSMENTS  ARE  STRONGLY 
INFLUENCED  BY  THE  SEISMIC  INTENSITY  DISTRIBUTION  MAP 
DEVELOPED  FOR  THIS  PARTICULAR  SCENARIO  EARTHQUAKE. 
THERE  IS  DISAGREEMENT  AMONG  INVESTIGATORS  AS  TO 
THE  MOST  REALISTIC  MODEL  FOR  PREDICTING  SEISMIC 
INTENSITY  DISTRIBUTION.  NONE  HAVE  BEEN  FULLY  TESTED 
AND  EACH  WOULD  YIELD  A  DIFFERENT  EARTHQUAKE 
PLANNING  SCENARIO.  FACILITIES  THAT  ARE  PARTICULARLY 
SENSITIVE  TO  EMERGENCY  RESPONSE  WILL  REQUIRE  A 
DETAILED  GEOTECHNICAL  STUDY. 

THE  DAMAGE  ASSESSMENTS  ARE  BASED  UPON  THIS  SPECIFIC 
SCENARIO.  AN  EARTHQUAKE  OF  SIGNIFICANTLY  DIFFERENT 
MAGNITUDE  ON  THIS  OR  ANY  ONE  OF  MANY  OTHER  FAULTS 
IN  THE  PLANNING  AREA  WILL  RESULT  IN  A  MARKEDLY 
DIFFERENT  PATTERN  OF  DAMAGE. 
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EXECUTIVE  SUMMARY 

The  San  Jacinto  Fault  Zone 

The  San  Jacinto  fault  zone  (SJFZ)  extends  more  than  125  miles  (200  km),  from 
northwest  of  El  Centro  to  northwest  of  San  Bernardino.    According  to  the 
Working  Group  on  California  Earthquake  Probabilities  (WGCEP)  the  characteristic 
slip  per  event  for  the  northernmost  segment  of  the  fault  (San  Bernardino  Valley 
segment)  is  1.4  ±  0.4  m,  and  the  30  year  probability  for  a  M7  earthquake  on  this 
segment  is  20  percent.     This  scenario  addresses  the  potential  impact  of  such  an 
event  on  critical  facilities  and  the  network  of  lifelines  located  in  the  planning  area. 

The  Scenario  Earthquake 

This  scenario  assumes  a  M7  event  rupturing  the  San  Bernardino  Valley  segment 
which  extends  34  miles  (55  km)  through  an  urbanized  area.   The  hypothesized 
rupture  extends  southeasterly  from  near  Lytle  Creek,  passes  between  San 
Bernardino  and  Rialto,  then  through  the  intersection  of  Interstate  Highways  10 
and  215,  and  across  Highway  60  to  the  northern  end  of  San  Jacinto  Valley. 

A  maximum  surface  displacement  of  6  feet  (2  m)  is  postulated,  with  the  average 
displacement  being  about  3  feet  (1  m).   The  displacement  is  assumed  to  be 
horizontal  right-lateral  strike-slip  with  minor  local  dip-slip  or  vertical  components. 

Potentially  damaging  ground  shaking  will  continue  for  up  to  25  seconds  within  25 
miles  (40  km)  of  the  fault.    Potentially  damaging  aftershocks  will  occur  for 
months  following  the  main  shock,  with  a  few  earthquakes  in  the  M5  to  M6  range. 

Seismic  Intensity  Distribution 

Modified  Mercalli  Intensity  (MMI)  of  VIII  or  greater  (damage  to  ordinary  buildings 
and  partial  collapse  of  weak  structures,  refer  to  Appendix  A)  will  affect  the 
lowland  areas,  including  San  Bernardino,  and  Riverside.    Intensities  less  than  MMI 
VIII  will  occur  in  hilly  areas,  including  the  San  Gabriel  Mountains,  San  Bernardino 
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Mountains,  and  the  mountainous  areas  of  Riverside  County.    Portions  of  these 
hilly  areas  are  subject  to  seismically  triggered  landslides.    Segments  of  the  City  of 
San  Bernardino  and  the  Santa  Ana  River  valley  will  experience  liquefaction  and 
fault  rupture. 

Comparison  to  M8  Earthquake  on  the  San  Andreas  Fault 
The  San  Bernardino  area  was  included  in  the  Department  of  Conservation, 
Division  of  Mines  and  Geology  (DMG)  scenario  for  a  M8.3  event  on  the  San 
Andreas  fault  (Davis  and  others,  1982a).    The  closest  approach  of  faulting  in  that 
event  was  16  miles  (25  km)  to  the  northwest  of  downtown  San  Bernardino. 
Intensities  from  that  earthquake  were  expected  to  be  about  MMI  VII  to  VIII 
throughout  most  of  the  San  Bernardino-Riverside  area.    Intensities  are  projected 
to  be  MMI  VIII  to  IX  in  the  same  area  in  the  present  San  Jacinto  scenario  event. 
In  and  around  San  Bernardino,  effects  of  the  M7  San  Jacinto  event  will  exceed 
those  of  a  larger  San  Andreas  event,  because  they  will  include  local  fault  rupture 
as  well  as  strong  MMI  VIII  to  IX  shaking. 

Damage  Assessments 

Damage  assessments  have  been  postulated  for  certain  lifeline  facilities.    The 
statements  regarding  the  performance  of  facilities  are  intended  for  planning 
purposes  only,  and  are  not  site-specific  engineering  evaluations.   Locations  of 
facilities  are  shown  on  the  appropriate  maps. 

For  emergency  planning  purposes,  the  scenario  addresses  mainly  the  initial  3  day 
response  period.    After  3  days,  repairs  and  response  will  be  dictated  by  the  real 
post-earthquake  situation.    The  out  of  service  times  indicated  below  assume  that 
equipment,  repair  materials,  access  to  the  damage  site,  and  response  personnel 
are  available.    If  they  are  not  available  for  each  lifeline,  then  priorities  must  be  set, 
and  certain  lifeline  elements  will  be  out  of  service  for  longer  periods. 
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Buildings 

Based  on  past  experience,  buildings  having  unreinforced  masonry  (URM)  bearing 
walls  present  serious  life  safety  risks.    Available  information  indicates  that  few  of 
the  500  URM  buildings  in  the  San  Bernardino-Riverside  area  have  had  upgrading 
plans  submitted,  and  fewer  still  have  completed  seismic  upgrading.    Most  of  the 
URM  buildings  are  located  in  areas  of  projected  earth  shaking  of  MMI  VIII  to  IX, 
and  will  suffer  severe  damage  or  collapse  in  the  scenario  earthquake. 

Schools 

Wood-frame  public  schools  will  survive  without  major  structural  damage  and  will 
be  safe  for  emergency  use.    Barring  major  access  problems,  these  are  the  most 
logical  choices  for  local  evacuation  centers,  casualty  collection  points,  and 
incident  command  centers.    There  may  be  functional  restrictions  due  to  disrupted 
utilities  and  to  interior  damage.    Masonry-wall  schools  should  be  inspected  by 
professional  engineers,  with  occupancy  delayed  if  significant  cracking  is  found. 

Police  and  Fire 

Law  enforcement  and  fire  stations  located  in  areas  of  moderate  to  high 
liquefaction  potential  in  San  Bernardino  will  be  damaged  within  3  miles  (5  km)  of 
the  fault  rupture.    Fire  stations  in  areas  of  MMI  VIII  and  IX  will  have  diminished 
response  capabilities.    Jammed  doors,  fallen  tiles  or  bricks,  or  lack  of 
communication  with  the  public  will  delay  response  time  for  30  minutes  to  several 
hours.   Other  fire  stations  and  police  and  sheriff  stations  will  be  undamaged  and 
able  to  respond  to  calls. 

Hospitals 

Out  of  a  total  of  7,465  beds  in  acute  care  hospitals,  it  is  estimated  that  2,122 
beds  will  be  unavailable  as  a  result  of  the  earthquake.   This  will  not  be  due 
entirely  to  hospital  damage.    In  some  cases  highway  access  and  the  availability  of 
water  and  power  facilities  will  control  availability  of  beds. 
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Near  the  fault,  where  shaking  intensities  of  MMI  IX  are  predicted,  we  assume  that 
50  percent  of  the  beds  will  be  unavailable.    In  the  area  with  predicted  shaking  of 
MMI  VIII,  we  assume  that  25  to  30  percent  of  the  beds  will  be  unavailable. 

The  adjacent  metropolitan  Los  Angeles  area  has  numerous  large  acute  care 
facilities  within  50  miles  (80  km)  of  the  planning  area. 

Highways 

Major  routes  crossing  the  San  Jacinto  fault  will  be  closed  due  to  damage  caused 
by  shaking  or  ground  displacement.    Routes  30  and  66  will  be  closed  for  48 
hours,  and  Route  15  will  be  closed  for  more  than  72  hours.   The  10/215 
interchange,  built  across  both  the  fault  and  the  Santa  Ana  River,  will  sustain 
major  damage  that  will  close  it  to  all  traffic  for  well  in  excess  of  72  hours.   Heavy 
damage  also  will  occur  in  the  vicinity  of  the  Route  30/215  interchange. 
Emergency  access  to  the  heavily  damaged  parts  of  downtown  San  Bernardino  will 
be  severely  limited.    From  the  west,  only  city  streets  will  be  usable  during  the 
first  48  hours.    From  the  north,  Cajon  Pass-Cajon  Canyon  will  be  closed  for  at 
least  48  hours.    From  the  south,  traffic  will  encounter  freeway  detours  at 
Redlands. 

The  Santa  Ana  River  will  be  a  major  barrier  to  north-south  traffic  in  the  planning 
area.    River  crossings  along  Route  215  will  be  closed  for  more  than  72  hours, 
Route  15  for  48  hours,  and  Route  60  for  36  hours.    Detours  crossing  the  river 
along  Routes  71,  and  91,  near  Corona  will  be  of  limited  use.    If  the  river  is  low  at 
the  time  of  the  earthquake,  alternate  river  crossings  may  be  developed  within  the 
first  12  hours. 

The  Mt.  Baldy  Ski  Resort  will  be  isolated  for  48  hours  due  to  extensive  rockfalls 
along  its  primary  access  road. 
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Airports 

Three  major  airports  in  the  planning  area  and  many  others  in  the  greater  Los 
Angeles  area  are  capable  of  providing  the  5,000  feet  of  undamaged  runway 
necessary  for  landing  C-130  aircraft  that  will  provide  massive  logistics  to  the 
response  effort.    Some  damage  due  to  liquefaction  will  occur  to  runways  at 
Norton  Air  Force  Base  (AFB)  and  Riverside  Airport,  but  this  will  not  be  great 
enough  to  disrupt  emergency  operations.   The  other  major  airports  are  located  in 
areas  where  predicted  shaking  will  produce  minimal  damage  to  runways.    In 
general,  all  of  the  major  airports  will  be  able  to  handle  emergency  response 
operations.    The  success  of  air  operations  will  depend  on  emergency  electrical 
power  generation,  fuel  handling,  and  survival  of  critical  buildings  (e.g.,  control 
towers). 

Railroads 

Railroad  lines  and  bridge  structures  will  be  damaged  in  Cajon  Canyon  due  to 
liquefaction  in  the  MMI  IX  zone,  and  in  Cajon  Pass  due  to  landslides  in  the  MMI 
VIM  zone.    Serious  damage  will  also  occur  to  railroad  lines  in  the  SJFZ.    Repair 
times  will  be  about  5  days.    Facilities  in  areas  of  liquefaction  such  as  the  high 
water  table  area  in  downtown  San  Bernardino  and  the  Santa  Ana  River  basin  will 
be  damaged. 

Switching  yards,  repair  facilities,  and  steel-framed  shop  structures  are  located  in 
Bloomington  about  4  miles  (6  km)  from  the  fault.    Strong  ground  shaking  (MMI 
IX)  in  this  area  is  expected  to  damage  tracks,  shops,  and  rail  car  and  locomotive 
servicing  facilities.    Damage  to  fuel  storage  and  delivery  systems  could  take 
several  weeks  to  repair.   The  shop  facilities  are  used  by  personnel  and  equipment 
to  maintain  cars,  locomotives,  tracks,  bridges,  communications,  signals,  and 
utility  systems. 
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Outside  the  planning  area,  the  major  railroads  serve  the  Los  Angeles-Long  Beach 
harbor  complex,  an  extensive  area  of  potential  liquefaction.    Although  the 
intensity  of  earth  shaking  in  this  area  will  be  relatively  low  (MMI  VII)  from  the  San 
Jacinto  scenario  earthquake,  damage  due  to  soil  settlements  will  occur. 

Communications 

Emergency  response  agencies  have  a  portion  of  their  telephone  lines,  sometimes 
as  little  as  10  percent,  predesignated  as  essential  services  lines.    After  the 
scenario  earthquake,  these  essential  services  telephone  lines  will  be  25  percent 
usable  in  the  first  day,  50  percent  usable  in  the  second  day,  and  75  percent 
usable  at  the  end  of  the  third  day.   The  availability  of  telephone  communications 
for  the  general  public  will  be  lower  than  for  emergency  response  agencies. 

Electric  Power  Facilities 

The  scenario  earthquake  will  have  a  significant  impact  on  many  of  the  major 
facilities  that  comprise  the  complex  electrical  power  network  serving  the  urban 
centers  in  the  planning  area. 

Primary  restoration  problems  will  involve  repairs  to  route  power  through  the  two 
major  substations  along  the  fault  in  San  Bernardino  and  Riverside.    Re-estab- 
lishment of  full  service  will  require  the  restoration  of  damaged  transmission  line 
towers,  reactivation  of  equipment  at  local  substations,  and  replacement  of  fallen 
poles,  burned  transformers,  broken  insulators,  and  circuit  breakers. 

Major  substations  within  10  miles  (16  km)  of  the  fault  zone  will  have  extensive 
damage  to  large  circuit  breakers  and  ceramic  insulators.    Emergency  rerouting  of 
power  should  be  possible  in  33  percent  of  the  cases.    Major  transmission  lines 
will  have  light  damage,  with  problems  generally  confined  to  areas  impacted  by 
ground  failure  affecting  consecutive  towers.    Distribution  lines  will  have  moderate 
damage  to  unanchored  pole-mounted  transformers.    For  those  services  within  5 
miles  (8  km)  of  the  fault  zone,  power  loss  could  be  as  high  as  50  percent  for  the 
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first  24  hours.    Restoration  of  power  for  most  customers  in  the  affected  area  will 
take  from  1  to  6  days.    Some  areas,  particularly  in  San  Bernardino  and  eastern 
Riverside,  will  be  without  power  for  more  than  a  week. 

Water  Supply 

Within  25  miles  (40  km)  of  the  fault,  damage  to  treatment  facilities,  pumping 
stations,  and  transmission  and  distribution  pipelines  will  reduce  service  by  20 
percent  in  the  planning  area  for  up  to  5  days.  Restoration  will  take  up  to  2  weeks. 
People  will  be  asked  to  use  emergency  supplies,  boil  their  water,  or  take  other 
safety  measures  against  contamination.    Delays  will  be  necessary  because  waste 
water  lines  must  be  repaired  before  fresh  water  lines. 

Within  the  SJFZ  in  a  zone  about  100  feet  wide,  the  distribution  system  will  be  95 
percent  out  of  service.   The  water  lines  in  and  near  the  SJFZ  can  be  replaced 
with  temporary  hose  or  above  ground  pipe. 

The  California  Aqueduct  will  be  damaged.    Major  transmission  lines  and  elements 
of  the  distribution  system  that  cross  the  fault  will  be  damaged.    This  will 
effectively  isolate  most  of  San  Bernardino  and  the  urban  areas  northeast  of  the 
fault  zone,  because  the  water  treatment  plants  are  southwest  of  the  fault. 
Because  their  source  of  raw  water  is  mostly  northeast  of  the  fault,  these  plants 
will  operate  at  reduced  capacity,  forcing  reliance  on  local  storage  for  1  to  2 
weeks. 

Waste  Water 

Damage  to  the  waste  water  system  will  result  in  the  loss  of  sanitary  facilities  and 
contamination  of  the  Santa  Ana  River  for  up  to  several  weeks.    Secondary 
transmission  lines  crossing  the  fault  zone  will  be  severely  damaged,  reducing  flow 
into  treatment  plants.    Damage  to  main  lines  and  secondary  lines  outside  of  the 
fault  zone  in  areas  of  liquefaction  and  heavy  earth  shaking  will  also  reduce 
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capacities.  Waste  water  leaking  from  damaged  sewage  systems  will  flow  into 
flood  control  channels,  streets,  open  trenches,  and  low-lying  areas,  eventually 
reaching  ground  water  levels  or  the  Santa  Ana  River. 

Equipment,  pipes,  and  connections  at  waste  water  treatment  plants  will  be 
damaged  by  sloshing  and  settlement  due  to  liquefaction  and  shaking.   Although 
all  waste  water  treatment  plants  can  operate  on  emergency  power  for  a  short 
time,  they  eventually  will  have  to  shut  down  for  lack  of  electrical  power  and  fresh 
water.   This  will  result  in  the  discharge  of  raw  or  emergency  treated  sewage  into 
the  surrounding  low-lying  areas  for  up  to  several  weeks. 

Natural  Gas 

Transmission  and  distribution  lines  will  be  damaged  within  the  SJFZ  and  in  the 
areas  having  liquefaction  or  seismically  induced  landslides.    Repairs  to  damaged 
pipelines  resulting  from  fault  ruptures  across  the  multitude  of  residential  streets 
and  major  traffic  arteries  will  take  about  a  week  and  will  pose  a  formidable 
challenge.    Scattered  fires  will  occur  along  the  SJFZ,  and  in  areas  of  liquefaction, 
particularly  in  San  Bernardino.  The  number  of  customer  service  disruptions 
resulting  from  the  scenario  earthquake  will  be  in  the  tens  of  thousands  with  most 
from  customers  turning  off  their  own  gas. 

Twenty  percent  of  the  areas  supplied  by  lines  that  cross  the  SJFZ  will  be  without 
gas  for  up  to  a  week. 

Petroleum 

The  scenario  anticipates  damage  and  closure  of  all  five  product  pipelines  crossing 
the  SJFZ.    Fuel  supplies  to  Norton  AFB  and  March  AFB  will  be  cut  off,  while  fuel 
supplies  to  Ontario  International  Airport  and  Chino  Airport  will  not  be  interrupted. 
Two  of  the  five  product  lines  crossing  the  fault  through  the  City  of  San 
Bernardino  will  trigger  fires  that  will  spread  to  local  buildings. 
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Tank  farms  at  the  Colton  storage  and  distribution  center  will  be  damaged,  spilling 
fuel  and  leading  to  a  major  fire  which  will  be  confined  to  the  dike  containment 
area.   Typical  repair  times  for  petroleum  line  breaks  given  a  high  priority  will  be  3 
days,  while  repair  times  will  be  longer  for  other  breaks. 

Collocation  Impacts 

To  collocate  is  "to  place  side  by  side  or  in  a  definite  order."   Although  the 
collocation  of  lifelines  decreases  installation  costs,  it  generally  increases  the 
hazard  due  to  earthquake  damage.    Broken  sewer  lines  contaminate  broken  water 
supply  lines;  fallen  bridges  carry  pipelines  and  communication  lines  with  them. 
In  1989  a  railroad  accident  in  San  Bernardino  damaged  a  collocated  fuel  pipeline, 
which  led  to  leakage  of  fuel  that  was  under  pressure,  resulting  in  a  fire.   The 
planning  area  contains  an  excellent  example  of  collocation  in  Cajon  Pass. 
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PREVIOUS  WORK 

The  Governor's  Emergency  Task  Force  on  Earthquake  Preparedness  was 
established  in  February  1981.    Some  30  committees  were  formed  to  deal  with 
improvement  of  the  many  emergency  response  functions  that  would  be  needed  in 
an  earthquake  emergency:  communications,  search  and  rescue,  fire  services, 
medical  services,  air  transport,  etc.    A  Threat  Assessment  Committee  was  also 
created  to  characterize  the  consequences  of  credible  earthquakes  as  a  basis  for 
these  emergency  response  planning  efforts.    Working  with  the  Task  Force,  the 
Department  of  Conservation,  Division  of  Mines  and  Geology  developed  two 
earthquake  planning  scenarios  (Davis  and  others,  1982a,  1982b).    These 
scenarios  were  based  on  a  repeat  of  the  1906  San  Francisco  earthquake  (M~8) 
on  the  northern  San  Andreas  fault  and  a  repeat  of  the  1857  Fort  Tejon 
earthquake  (M~8)  on  the  south-central  San  Andreas  fault. 

The  Division  of  Mines  and  Geology  undertook  development  of  planning  scenarios 
for  the  Hayward  fault  (Steinbrugge  and  others,  1987),  for  the  Newport-lnglewood 
fault  zone  (Toppozada  and  others,  1988),  and  for  the  San  Diego-Tijuana  area 
(Reichle  and  others,  1990). 

For  the  Riverside-San  Bernardino  area,  the  University  of  California,  Riverside, 
published  a  report  on  the  geology  of  the  San  Jacinto  fault  and  the  possible 
impacts  Of  local  earthquakes  (Elders,  1973). 
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INTRODUCTION 

The  Planning  Area 

The  planning  area  for  this  study  is  centered  in  the  San  Bernardino-Riverside  area 
(Figure  1).    The  area  encompasses  most  of  the  population  of  San  Bernardino  and 
Riverside  counties.    It  encompasses  virtually  all  of  the  urbanized  area  likely  to 
experience  Modified  Mercalli  Intensities  (refer  to  Appendix  A)  of  VIII  or  greater 
resulting  from  this  scenario  earthquake.   These  are  the  areas  within  which 
significant  structural  damage  will  occur.   The  San  Bernardino-Riverside  area  was 
shaken  at  a  MMI  of  only  VI  during  the  1992  Landers-Big  Bear  earthquakes  of 
June  1992  that  were  located  some  50  miles  (80  km)  to  the  east.    Damage  from 
these  earthquakes  was  localized  in  the  sparsely  populated  mountain  and  desert 
areas,  and  is  summarized  in  Appendix  B. 

Earthquake  Planning  Scenario  Maps 

Maps  are  included  in  this  report  showing  the  locations  of  major  transportation  and 
utility  lifelines  and  principal  medical  care,  school,  and  fire  station  facilities.    One 
map  (Map  S)  summarizes  the  regional  geologic  and  seismological  basis  for 
development  of  the  scenario  damage  assessments.   This  basic  geotechnical 
information  includes  the  location  of  the  San  Jacinto  fault  zone  (SJFZ),  the 
predicted  shaking  intensity  distribution,  the  areas  with  potential  for  liquefaction, 
and  areas  subject  to  seismically  induced  landslides.   This  information  enables  the 
reader  to  visualize  the  extent  to  which  particular  facilities  are  exposed  to  ground 
failure  hazards  and  to  the  predicted  shaking  intensities. 
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PLANNING   AREA 


Los    Angeles 


Long  Beach 


Laguna  Beach    /* 


Figure  1.       Index  map  showing  the  planning  area  and  the  major  faults.    This  scenario  considers  a 
major  earthquake  on  the  34  mile  (55  km)  segment  of  the  San  Jacinto  fault  centered 
at  San  Bernardino. 
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The  ground  surface  will  be  deformed  in  areas  of  fault  rupture  and  warping  along 
the  SJFZ,  and  by  landslides  in  the  mountains.    Structures  located  on  compressible 
deposits  where  the  water  table  is  high,  are  subjected  not  only  to  the  effects  of 
relatively  low  frequency,  high  amplitude  vibrations,  but  possibly  also  to  disruption 
caused  by  differential  settlement  or  lateral  spreading  due  to  liquefaction.   These 
considerations  are  reflected  in  the  damage  assessments. 

Damage  Assessments 

Damage  assessments  have  been  hypothesized  for  various  facilities,  in  order  to 
plan  for  a  worst  case  scenario.   These  damage  assessments  are  based  largely  on 
the  predicted  intensity  distribution  and  areas  of  potential  ground  breakage  as 
shown  on  the  Earthquake  Planning  Scenario  maps.   The  assessments  are  based 
on  the  effects  of  past  earthquakes,  appraisals  by  engineers  and  public  agency 
officials  knowledgeable  in  earthquake  damage  effects,  and  professional  judgment 
by  the  authors.    Users  of  these  data  must  recognize  that  assessments  of  the 
performance  of  individual  facilities  are  hypothetical  and  are  not  the  result  of  site- 
specific  evaluations.   They  are  intended  to  portray,  for  planning  purposes,  a 
representative  range  of  the  types  of  earthquake  effects  that  will  occur,  thereby 
providing  emergency  planners  and  other  users  with  a  reasonable  perspective  on 
the  impact  of  this  scenario  earthquake. 

Use  and  Limitations  of  Scenario  Maps  and  Damage  Assessments 

The  general  approach  in  formulating  damage  assessments  was  first  to  evaluate 
the  regional  pattern  of  ground  shaking  and  ground  deformation,  second  to  visit 
representative  sites  in  the  field,  and  third  to  interpret  the  resulting  earthquake 
performance  of  various  major  facilities.    The  effects  of  the  scenario  earthquake  on 
individual  bridges,  power  plants,  or  other  lifeline  elements,  are  based  mainly  on 
the  authors'  professional  judgments.    It  is,  therefore,  improper  to  use  the 
earthquake  scenario  for  any  purpose  other  than  emergency  response  and 
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preparedness  planning.    For  example,  decisions  on  whether  to  replace  or  retrofit 
lifeline  components  must  be  based  on  detailed  investigations  of  the  components 
and  their  specific  geologic  settings.    This  scenario  does,  however,  identify  high 
risk  areas  where  such  detailed  evaluations  should  be  considered. 

The  damage  assessments  illustrate  a  regional  damage  pattern  that  is  likely  to 
result  from  an  earthquake  of  M7  on  the  San  Bernardino  Valley  segment  of  the 
SJFZ.    An  earthquake  of  different  magnitude  or  location  on  this  fault,  or  an  event 
on  any  one  of  many  other  faults  in  the  planning  area,  would  result  in  different 
intensity  and  damage  patterns. 

The  predicted  seismic  intensity  distribution  from  which  the  damage  is  assessed,  is 
based  on  a  particular  model.   There  is  no  general  agreement  as  to  the  most 
realistic  model  to  be  used  for  predicting  intensity  distribution,  and  a  different 
model  would  yield  a  different  intensity  pattern.    In  addition,  the  quality  of 
available  information  on  which  the  seismic  intensity  distribution  map  is  based 
varies  throughout  the  planning  area.    Only  general  geologic  information  is 
available  for  most  of  the  area.    Modeling  of  ground  shaking  on  a  regional  basis 
using  this  generalized  geologic  information  can  produce  plausible  damage 
conclusions  appropriate  only  for  emergency  planning.   Conclusions  regarding 
specific  structures,  such  as  the  desirability  of  upgrading  seismic  resistance, 
require  detailed  engineering  analysis  and  site-specific  geologic  information. 

While  no  scenario  is  accurate  in  detail,  it  provides  planners  with  a  regional  pattern 
of  the  degree  and  a  representation  of  the  types  of  problems  that  will  confront 
emergency  response  personnel. 
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This  planning  scenario  is  intended  to  contribute  to  the  efforts  of  the  following 
users: 

•  Local,  state,  and  federal  officials  with  emergency  planning  responsibilities. 

•  Elected  officials  who  need  to  visualize  the  threat  in  order  to  commit 
themselves  to  the  leadership  roles  needed. 

•  Private  sector  managers  and  planners  who  must  understand  the  scope  of 
the  hazard  in  order  to  prepare  for  it. 

•  Educators,  journalists,  and  others  who  must  communicate  to  the  public  the 
character  of  the  threat,  and  the  importance  of  preparedness  in  mitigating 
its  effects. 

•  The  general  public  who  need  to  support  public  mitigation  efforts  and 
develop  personal  strategies  to  minimize  the  effects  of  the  earthquake  on 
themselves  and  their  families. 
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GEOLOGY  AND  SEISMOLOGY 


SCENARIO  MAPS  AND  DAMAGE  ASSESSMENTS 
ARE  INTENDED  FOR  EMERGENCY  PLANNING 


PURPOSES  ONLY 


THEY  ARE  BASED  UPON  THE  FOLLOWING  HYPOTHETICAL 
CHAIN  OF  EVENTS: 

1.  A  PARTICULAR  EARTHQUAKE  OCCURS 

2.  VARIOUS  LOCALITIES  IN  THE  PLANNING  AREA 
EXPERIENCE  A  SPECIFIC  TYPE  OF  SHAKING  OR  GROUND 
FAILURE 

3.  CERTAIN  CRITICAL  FACILITIES  UNDERGO  DAMAGE  AND 
OTHERS  DO  NOT 

THE  CONCLUSIONS  REGARDING  THE  PERFORMANCE  OF 
FACILITIES  ARE  HYPOTHETICAL  AND  NOT  TO  BE  CONSTRUED 
AS  SITE-SPECIFIC  ENGINEERING  EVALUATIONS.  FOR  THE 
MOST  PART,  DAMAGE  ASSESSMENTS  ARE  STRONGLY 
INFLUENCED  BY  THE  SEISMIC  INTENSITY  DISTRIBUTION  MAP 
DEVELOPED  FOR  THIS  PARTICULAR  SCENARIO  EARTHQUAKE. 
THERE  IS  DISAGREEMENT  AMONG  INVESTIGATORS  AS  TO 
THE  MOST  REALISTIC  MODEL  FOR  PREDICTING  SEISMIC 
INTENSITY  DISTRIBUTION.  NONE  HAVE  BEEN  FULLY  TESTED 
AND  EACH  WOULD  YIELD  A  DIFFERENT  EARTHQUAKE 
PLANNING  SCENARIO.  FACILITIES  THAT  ARE  PARTICULARLY 
SENSITIVE  TO  EMERGENCY  RESPONSE  WILL  REQUIRE  A 
DETAILED  GEOTECHNICAL  STUDY. 


THE  DAMAGE  ASSESSMENTS  ARE  BASED  UPON  THIS  SPECIFIC 
SCENARIO.  AN  EARTHQUAKE  OF  SIGNIFICANTLY  DIFFERENT 
MAGNITUDE  ON  THIS  OR  ANY  ONE  OF  MANY  OTHER  FAULTS 
IN  THE  PLANNING  AREA  WILL  RESULT  IN  A  MARKEDLY 
DIFFERENT  PATTERN  OF  DAMAGE. 


SAN  JACINTO  EARTHQUAKE  PLANNING  SCENARIO 

THE  SAN  JACINTO  FAULT  ZONE 

The  San  Jacinto  Fault  Zone  (SJFZ)  extends  more  than  125  miles  (200  km),  from 
northwest  of  El  Centro  to  northwest  of  San  Bernardino.    The  Working  Group  on 
California  Earthquake  Probabilities  (WGCEP,  1988)  divided  the  SJFZ  into  five 
major  segments.    The  southernmost  at  Superstition  Hills  has  produced  the  most 
recent  surface  faulting  (M6.6,  1987  November  24).    The  second  segment, 
Borrego  Mountain,  is  the  rupture  zone  of  the  1968  event  of  M6.8.    The  third 
segment,  Anza,  extends  northwestward  to  the  inferred  southern  end  of  the  1918 
event  of  M6.8.    The  fourth  segment,  San  Jacinto  Valley,  has  seismicity  confined 
to  depths  greater  than  13  km.    For  the  fifth  segment,  San  Bernardino  Valley, 
WGCEP  estimates  the  characteristic  slip  per  event  to  be  1 .4  ±  0.4  m.    They 
tentatively  assume  that  the  most  recent  event  occurred  in  1890,  and  adopt  a  slip 
rate  of  8  ±  3  mm/yr  to  estimate  a  30  year  probability  of  20  percent  for  a  M7 
earthquake. 

Our  scenario  hypothesizes  a  M7  event  rupturing  the  northernmost  34  miles 
(55  km)  of  the  fault,  which  is  basically  the  San  Bernardino  Valley  segment  of 
WGCEP.   The  hypothesized  rupture  extends  southeasterly  from  Lytle  Creek, 
across  the  City  of  San  Bernardino,  through  the  intersection  of  Interstate 
Highways  10  and  215,  across  Highway  60  to  the  northern  end  of  San  Jacinto 
Valley. 

The  fault  forms  the  southwestern  boundary  of  San  Bernardino  Valley,  whose 
northeastern  boundary  is  formed  by  the  San  Bernardino  Mountains.    At  the 
northern  end  of  the  SJFZ,  several  active  strands  run  subparallel  to  the  San 
Andreas  fault  (Map  S).    As  the  fault  crosses  the  alluvial  plain  upon  which  San 
Bernardino  is  built,  it  forms  a  distinctive  water  barrier.    Like  the  other  faults  in  the 
San  Andreas  system,  the  San  Jacinto  demonstrates  right-lateral  as  well  as  local 
vertical  offset  (Fife  and  others,  1976). 
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Different  researchers  have  identified  several  seismic  gaps  on  the  SJFZ  as  the  sites 
of  future  earthquakes.    Kanamori  and  Magistrale  (1989)  identified  a  50  mile 
(80  km)  gap  centered  near  Hemet  that  is  capable  of  an  earthquake  of  about  M7. 
The  only  seismicity  in  this  zone  is  about  13  km  deep,  which  represents  the 
bottom  of  the  seismogenic  zone  (Doser  and  Kanamori,  1986).    The  northern  half 
of  this  gap  is  located  in  the  planning  area  of  our  scenario,  and  extends  on  the 
SJFZ  southeastward  from  the  San  Bernardino-Riverside  county  line  (Figure  1). 
The  northernmost  12  miles  (20  km)  of  this  gap  coincides  with  the  southern  12 
miles  (20  km)  of  our  scenario  fault  rupture. 

The  Alquist-Priolo  Special  Studies  Zones 

The  Alquist-Priolo  Special  Studies  Zones  Act  was  enacted  in  1972  to  mitigate  the 
hazard  of  surface  fault  rupture  along  active  faults  in  California.   The  purpose  of 
this  Act  is  to  avoid  locating  structures  for  human  occupancy  across  traces  of 
active  faults.    Responsibilities  for  carrying  out  the  provisions  of  the  law  are  shared 
by  State  and  local  government.    Specifically,  the  State  Geologist  (Department  of 
Conservation,  Division  of  Mines  and  Geology)  is  required  to  establish  regulatory 
zones-known  as  Special  Studies  Zones  (SSZ's)  for  those  faults  considered  to  be 
"sufficiently  active  and  well  defined  as  to  constitute  a  potential  hazard  to 
structures  from  surface  faulting  or  fault  creep."   Cities  and  counties  must  regulate 
most  building  projects  within  the  SSZ's  by  requiring  geologic  investigations  before 
issuing  development  permits. 

In  addition  to  the  historic  activity  on  the  San  Jacinto  fault,  there  is  ample 
evidence  for  its  offset  of  Holocene  alluvium  (Fife  and  others,  1976).    SSZ  maps 
for  the  San  Jacinto  fault  were  among  the  first  issued  (Hart,  1992).    The  active 
fault  traces  from  the  SSZ  maps  are  reproduced  on  Map  S.    Where  more  than  one 
strand  of  the  fault  exists,  we  chose  the  better  defined  one  as  a  candidate  for 
ground  rupture  during  the  scenario  earthquake. 
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Photo  2.  San  Andreas  fault  zone  (SA)  on  the  east  and  San  Jacinto  fault  zone  (SJ)  on  the 

west  bound  central  San  Bernardino:  view  northeast.    The  thickness  of  alluvium 
exceeds  1 ,200  feet  in  the  center  of  the  area  northeast  of  the  San  Jacinto  fault.    In 
the  late  1  800s,  most  of  the  valley  region  northeast  of  the  San  Jacinto  was  an  area 
of  springs  and  marshland  with  flowing  streams.    Mining  of  ground  water  in  the 
first  half  of  this  century  caused  at  least  1  foot  of  subsidence  between  Loma  Linda 
{center  of  photo)  and  San  Bernardino  (left).    Photo  by  Gordon  Davis,  Aerial 
Enterprises,  San  Bernardino  (from  Fife  and  others,  1976). 
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Copies  of  the  six  SSZ  maps  involved  in  the  scenario  are  included  in  this  report 
(Appendix  C).    The  effectiveness  of  the  Alquist-Priolo  Act  varies  from  place  to 
place,  depending  largely  on  how  well  the  fault  is  defined.    Even  so,  the  law  only 
applies  to  new  real  estate  development  and  structures  for  human  occupancy. 
Many  pre-1972  structures  (including  some  important  ones)  sit  astride  active 
traces  of  the  fault.   The  extent  of  damage  produced  by  this  scenario  event  will 
depend  on  the  amount  of  displacement  that  occurs  locally  on  the  fault  and  on 
measures  taken  to  mitigate  the  hazard. 

EARTHQUAKE  HISTORY 

Earthquakes  that  are  known  to  have  generated  MMI  VI  to  VII  or  greater  effects  in 
the  San  Bernardino-Riverside  area  are  described  below.   These  earthquakes 
occurred  on  the  faults  in-the  area,  but  often  cannot  be  assigned  to  specific  faults. 
Major  fault  zones  are  shown  schematically  on  Figure  1  and  Map  S:    San  Jacinto, 
San  Andreas,  Cucamonga,  Elsinore.    Small  earthquakes  continue  to  be  associated 
with  these  fault  zones  (Figure  2). 

During  California's  history  (about  150  years),  no  M>7  earthquakes  have  occurred 
on  the  San  Bernardino  Valley  (SBV)  segment  of  the  SJFZ.    An  earthquake  of 
M6.3  occurred  about  5  miles  south  of  San  Bernardino  in  1923  on  or  near  the  SBV 
segment.    Earthquakes  of  M6.5  to  7  occurred  in  the  San  Jacinto-Hemet  area  in 
December  1899  and  April  1918,  about  12  miles  southeast  of  the  SBV  segment. 
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SAN  JACINTO  FAULT  ZONE 
EARTHQUAKES  OF  MAGNITUDE  >  4.0   (1932-1991) 
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Figure  2.  Earthquakes  of  Magnitude  >  4.0  (1932-1991)  in  and  near  the  northern 

San  Jacinto  fault  zone. 
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1812 

A  major  earthquake  in  1812  in  the  San  Andreas  fault  zone,  20  miles  (32  km) 
northwest  of  San  Bernardino,  was  identified  by  Jacoby  and  others  (1988)  based 
on  trauma  to  trees  at  Wrightwood.   They  suggest  that  this  was  the  same 
earthquake  that  on  8  December  1812  damaged  the  Franciscan  missions  at  San 
Juan  Capistrano  and  San  Gabriel  (Toppozada  and  others,  1981).    The 
Wrightwood  earthquake,  whether  or  not  it  coincided  with  the  8  December  1812 
earthquake,  must  have  been  potentially  damaging  in  the  San  Bernardino-Riverside 
area. 

1857  January  9 

This  is  the  great  M~8  earthquake  that  resulted  from  rupture  of  the  San  Andreas 
fault  extending  from  16  miles  (26  km)  northwest  of  San  Bernardino  north- 
westward for  205  miles  (330  km).    Effects  in  the  San  Bernardino  area  were  to 
"crack  the  walls  of  most  of  the  houses  in  the  place,"  and  also  "the  cracking  of 
boards,  the  falling  of  bricks"  (Agnew  and  Sieh,  1978). 

1858  December  16 

In  San  Bernardino  the  gable  end  of  a  house  was  knocked  out,  and  the  paper  was 
torn  from  the  wall  of  another  house.    In  nearby  Agua  Manza  a  house  was  shaken 
down  by  the  earthquake.    Seven  and  a  half  hours  earlier,  an  earthquake 
(foreshock)  broke  dishes,  cracked  walls,  and  upset  pails  of  water.    Both 
earthquakes  were  felt  in  Los  Angeles,  the  mainshock  was  described  as  "pretty 
severe."   These  two  earthquakes  were  not  mentioned  in  the  comprehensive 
catalog  of  earthquakes  of  Townley  and  Allen  (1939).    They  were  first  identified  in 
a  study  of  pre-1900  California  earthquakes  by  Toppozada  and  others  (1981). 
The  epicenters  were  probably  near  San  Bernardino. 

The  occurrence  of  a  damaging  foreshock,  followed  several  hours  later  by  a 
destructive  mainshock,  also  occurred  in  July  1899  as  discussed  below. 
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1890  February  9 

MMI  VI  effects  were  felt  in  the  Redlands-Riverside-Pomona  area.   The  sparse 
information  for  this  earthquake  lead  to  estimates  of  location;  varying  distances 
southeast  of  San  Bernardino;  20  miles  (WGCEP,  1988)  80  miles  and  M6.3 
(Toppozada  and  others,  1981). 

1894  July  29 

Plaster  cracked  in  San  Bernardino  and  Riverside.    Landslides  and  rockfalls 
occurred  in  the  mountains  west  of  San  Bernardino.    It  was  felt  from  San  Diego  to 
Bakersfield.    An  epicenter  northwest  of  San  Bernardino  near  the  juncture  of  the 
San  Andreas,  San  Jacinto,  and  Cucamonga  faults  was  assumed  by  Toppozada 
and  others  (1981),  who  estimated  M~6  for  this  earthquake. 

1899  July  22 

According  to  Townley  and  Allen  (1939),  the  road  in  Lytle  Creek  Canyon  was 
blocked  by  slides  in  many  places  and  the  Cajon  Pass  road  was  filled  for  a  distance 
of  2,000  feet.    The  greatest  damage  to  property  was  in  San  Bernardino,  Highland, 
and  Patton,  where  the  Southern  California  Hospital  for  the  Insane  was  damaged 
to  the  extent  of  $500.    There  was  also  some  damage  in  Riverside,  Redlands, 
Pomona,  Pasadena,  and  Los  Angeles. 

Toppozada  and  others  (1981)  estimated  M-6.5  for  this  event,  and  gave  an 
epicentral  area  northwest  of  San  Bernardino  near  the  juncture  of  the  San  Andreas, 
San  Jacinto,  and  Cucamonga  faults.    A  foreshock  of  estimated  M~5.5  occurred 
nearly  20  hours  earlier,  which  cracked  walls  and  chimneys  in  San  Bernardino. 
The  occurrence  of  a  damaging  foreshock  several  hours  before  a  more  damaging 
earthquake  is  reminiscent  of  the  1858  events  described  above. 

1899  December  25 

According  to  Townley  and  Allen  (1939),  the  damage  caused  by  this  shock  was 
greatest  in  San  Jacinto  and  Hemet.    Nearly  all  brick  buildings  were  badly 
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damaged.    Only  two  chimneys  remained  standing  in  Hemet.    Six  people  were 
killed  and  eight  injured  by  falling  adobe  walls  at  Saboba,  a  few  miles  east  of  San 
Jacinto.    At  Riverside  some  chimneys  were  thrown  down.    At  San  Bernardino 
goods  were  thrown  from  shelves. 

A  location  on  the  San  Jacinto  fault  in  the  San  Jacinto-Hemet  area  was  assumed 
and  M6.6  was  estimated  by  Toppozada  and  others  (1981). 

1907  September  19 

Damage  occurred  at  San  Bernardino  where  walls  were  cracked  and  dishes  were 
broken,  and  at  San  Jacinto  where  "The  Shaver  building  was  damaged." 
Landslides  occurred  in  the  mountains  of  the  strongly  shaken  area.    A  pipeline  was 
broken  in  Upper  Santa  Ana  Canyon.    A  location  in  the  mountains  east  of  San 
Bernardino  was  assumed,  and  M5.5  to  6  was  estimated  (Richter,  1958; 
Toppozada  and  Parke,  1982). 

1910  May  15 

This  earthquake  was  centered  near  Lake  Elsinore,  and  had  M~6  (Richter,  1958; 
Toppozada  and  Parke,  1982).    It  was  preceded  on  May  12th  by  a  foreshock  of 
M~5  (Toppozada  and  others,  1978).    Chimneys  were  damaged  in  Riverside, 
Corona,  and  Temescal. 

1918  April  21 

This  earthquake  was  very  similar  to  the  1899  December  25  event  in  location  and 
magnitude.    It  was  located  between  San  Jacinto  and  Hemet  and  is  estimated  to 
be  M6.5  to  7  (Richter,  1958;  Toppozada  and  Parke,  1982).    Buildings  were 
thrown  down  in  San  Jacinto  and  Hemet.    Chimneys  fell  at  Riverside  and 
Redlands.    At  San  Bernardino  brick  walls  were  cracked  extensively.    Doser  (1992) 
used  seismic  waveform  modeling  to  determine  a  12  to  15  mile  (20  to  25  km) 
fault  rupture  in  the  SJFZ  for  the  1918  event. 
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Photo  3.        Earthquake  damage  in  San  Jacinto  resulting  from  the  April  1918  earthquake  on  the 
San  Jacinto  fault.    Photo  courtesy  of  A.V.  Doyle  (from  Fife  and  others,  1976). 


1923  July  22 

Sanders  (1986)  indicates  that  the  sparse  instrumental  and  intensity  data  for  this 
event  are  consistent  with  a  location  on  the  San  Jacinto  fault  zone  near  Loma 
Linda.    Richter  (1958)  estimated  M6.2  for  this  event.    At  San  Bernardino 
chimneys  fell  and  brick  walls  were  badly  cracked.    At  the  Patton  State  Hospital 
many  brick  walls  were  cracked  and  some  of  the  older  ones  were  partially 
destroyed,  and  parts  of  the  roof  caved  in.    Doser  (1992)  found  that  results  of 
seismic  waveform  modeling  for  the  1923  event  are  more  consistent  with  rupture 
on  the  SJFZ  than  rupture  along  the  San  Andreas  fault  or  a  buried  cross  fault. 
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1970  September  12 

M5.4  located  near  Lytle  Creek,  where  chimneys  were  damaged.    Rockslides 
occurred  in  the  San  Gabriel  and  San  Bernardino  mountains.    Several  buildings  in 
San  Bernardino  had  shattered  windows. 

1990  February  28 

This  M5.5  earthquake  occurred  3  miles  (5  km)  northwest  of  Upland,  apparently 
on  the  north-northeast-trending  San  Antonio  Canyon  fault  that  nearly  coincides 
with  the  county  line.    "It  shook  down  chimneys  and  brick  facades  and  shattered 
windows  in  Upland,  Pomona,  Claremont,  La  Verne  and  Ontario"  (Los  Angeles 
Times,  March  2,1990).    Rockslides  occurred  in  the  mountains,  closing  some 
roads  ~  notably  Mt.  Baldy  Road  in  San  Antonio  Canyon. 

1992  June  28 

Major  earthquakes  occurred  at  Landers  (4:57  a.m.,  M7.5)  and  Big  Bear 
(8:05  a.m.,  M6.6),  at  distances  of  about  75  and  50  km  east  of  San  Bernardino. 
They  occurred  in  the  sparsely  populated  area  northeast  of  the  San  Andreas  fault, 
and  consequently  injuries  and  damage  were  minimal  (Toppozada  and  Wilson, 
1992).    Most  of  the  damage  occurred  in  the  Landers-Big  Bear  area,  but  damage 
to  weak  structures  occurred  at  Redlands  (MMI  VII)  and  to  contents  of  buildings 
(MMI  VI)  from  San  Bernardino  to  Los  Angeles  (Toppozada,  1993).    About  50 
miles  (80  km)  of  faulting  occurred  mostly  northwest  of  Yucca  Valley,  with 
variable  displacements  of  up  to  20  feet  laterally  (Hart  and  others,  1993). 
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THE  SCENARIO  EARTHQUAKE 


Rationale  for  Selecting  the  Earthquake 

The  rationale  for  selecting  the  scenario  earthquake  on  the  San  Jacinto  fault  zone 
(SJFZ)  is  as  follows: 

•  The  SJFZ  is  more  than  125  miles  (200  km)  long  extending  from  northwest 
of  El  Centro  to  northwest  of  San  Bernardino  (Ziony  and  Yerkes,  1985, 

p.  45). 

•  Faults  within  the  SJFZ  have  been  active  during  the  Holocene  epoch,  which 
is  the  last  11,000  years  (Hart,  1992). 

•  The  southernmost  17  miles  (27  km)  of  the  SJFZ  generated  an  earthquake 
of  M6.6  (1987  November  24).    Surface  fault  displacement  in  that  event 
was  up  to  2  feet  (60  cm)  in  a  right  lateral  sense  (Kahle  and  others,  1988). 

•  In  1899  and  1918,  earthquakes  of  M6.5  to  7  occurred  in  the  Hemet-San 
Jacinto  area  and  damaged  structures  at  San  Bernardino  and  Riverside. 

•  In  1923  an  earthquake  of  M6.2  occurred  5  miles  (8  km)  south  of  San 
Bernardino  near  Loma  Linda,  and  was  damaging  at  San  Bernardino  and 
Patton. 

•  The  northernmost  segment  of  the  SJFZ  lies  within  the  urbanized  San 
Bernardino-Riverside  area,  and  is  a  threatening  source  of  a  major 
(M~7)  earthquake  with  consequences  potentially  greater  than  those  of  a 
M8  event  on  the  nearby  San  Andreas  fault. 

•  Small  earthquakes  continue  to  occur  on  the  SJFZ  in  the  San  Bernardino- 
Riverside  area  (Figure  2). 

•  WGCEP  estimates  a  30  year  probability  of  20  percent  for  a  M7  earthquake 
on  the  San  Bernardino  Valley  segment  of  the  SJFZ. 

•  Based  on  slip  rates  in  the  SBV  segment  ranging  from  1.7  to  17  mm/yr,  and 
an  elapsed  time  of  at  least  64  to  90  years  since  the  last  large  earthquake 
occurred  along  this  segment,  Wesnousky  and  others  (1991)  infer  that  it  is 
now  in  the  later  stages  prior  to  a  moderate  to  large  M6  to  7  earthquake. 
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Characteristics  of  the  Scenario  Earthquake 

Subsurface  faulting  extending  34  miles  (55  km)  on  the  SJFZ  is  postulated.   The 
northern  end  is  near  Lytle  Creek.   The  southern  end  is  4  miles  (6  km)  southeast  of 
Highway  60,  in  northern  San  Jacinto  Valley.    Surface  faulting  will  be 
discontinuous,  and  will  occur  mainly  on  the  Holocene  active  traces  shown  on 
Map  S. 

The  34  mile  (55  km)  extent  of  faulting  on  the  SJFZ  corresponds  to  M7.3  using 
the  relations  of  Bonilla  and  others  (1984),  and  to  M7.0  using  the  relations  of 
Wyss  (1979)  and  Slemmons  (1982).    M7  is  assumed  for  planning  purposes. 

A  maximum  surface  displacement  of  6  feet  (2  m)  is  predicted  using  Slemmons' 
relations.   The  more  prevalent  average  displacement  is  usually  half  the  maximum 
value,  or  about  3  feet.   The  displacement  is  assumed  to  be  horizontal  right-lateral 
strike  slip.    Minor  dip  slip  or  vertical  components  of  faulting  will  occur  locally. 

Potentially  damaging  ground  shaking  continues  for  up  to  25  seconds  within  25 
miles  (40  km)  of  the  fault.  Potentially  damaging  aftershocks  occur  for  months 
following  the  main  shock,  with  a  few  in  the  M5  to  6  range. 

The  scenario  earthquake  is  compatible  with  Ziony  and  Yerkes'  judgment  (1985, 
p.  91)  "...that  earthquakes  of  M6.5  to  7,  accompanied  by  as  much  as  2  m  of 
surface  displacement,  are  appropriate  design  earthquakes  for  ordinary  planning 
purposes"  for  most  faults  in  southern  California  except  the  San  Andreas. 

Predicted  Seismic  Intensity  Distribution 

Introduction 

To  develop  an  earthquake  planning  scenario,  it  is  necessary  to  estimate  the 
regional  patterns  of  ground  shaking  and  permanent  ground  deformation.   This 
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procedure  is  aided  by  assuming  that  the  effects  of  the  scenario  earthquake  can  be 
deduced  from  previous  earthquakes  about  which  there  is  some  knowledge. 
Seismic  intensity  is  the  felt  effect  of  an  earthquake  at  a  particular  place.    A 
numerical  value  conveys  the  various  effects  of  earthquake  shaking  at  a  given 
place  on  buildings,  furnishings,  etc.    The  determination  of  seismic  intensity  is 
therefore  subjective.    Several  intensity  scales  have  appeared  during  the  last 
century  (Barosh,  1969,  p.  6).   The  Modified  Mercalli  Intensity  Scale  (MMI),  used 
in  this  scenario,  is  reproduced  and  related  to  the  Rossi-Forel  Intensity  Scale  in 
Appendix  A. 

Earthquake  magnitude  (M)  is  an  instrumental  measure  of  earthquake  size, 
regardless  of  location  or  of  intensity  effects.    Earthquakes  of  similar  magnitudes, 
occurring  at  different  locations,  can  have  different  intensities.    The  degree  of 
ground  shaking  that  results  from  an  earthquake  will  depend  on  several  factors. 
Among  the  most  important  is  the  distance  from  the  causative  fault.    Generally, 
the  amplitude  of  vibratory  motion  diminishes  away  from  the  source  of  excitation. 
The  vibrations  associated  with  earthquakes  are  complex.    Characterizing  their 
anticipated  effects  at  specific  locations  is  further  complicated  by  variations  in  the 
geologic  materials  through  which  they  pass.    Consolidated  bedrock  transmits 
most  seismic  frequencies  while  unconsolidated  alluvium  preferentially  transmits 
low  frequencies. 

Development  of  Seismic  Shaking  Intensity  Map 

To  prepare  a  regional  intensity  map  for  assessing  lifeline  damage,  Reichle  and 
Kahle  (1986)  developed  an  algorithm  based  on  the  Evernden  model  (Evernden  and 
others,  1973,  1981;  Evernden,  1975;  and  Evernden  and  Thomson,  1985).    This 
computer  model  calculates  the  Modified  Mercalli  Intensities  (MMI)  on  a  grid  of 
reference  points  throughout  a  region  by  employing  empirical  equations  that 
account  for  attenuation  with  distance  from  the  fault  chosen  as  the  source  of  the 
earthquake.   These  values  are  then  adjusted  for  the  influence  of  surface  geology. 
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Reichle  and  Kahle's  (1986)  model  is  used  in  this  scenario,  and  differs  from  that  of 
Evernden  and  others  (1981)  in  that  it  assumes  that  shaking  intensity  does  not 
depend  on  depth  to  water  table.    Also,  it  predicts  intensities  for  bedrock  sites 
within  3  miles  (5  km)  of  the  fault  and  at  distances  greater  than  25  miles  (40  km) 
on  unsaturated  alluvium  that  are  approximately  1.0  unit  higher  than  Evemden's. 
The  model  was  guided  by  the  areal  extent  of  MMI  VII  and  VIM  shaking  for  major 
earthquakes  on  other  California  faults,  notably  the  1868  Hayward  and  the  1952 
Kern  County  earthquakes. 

Development  of  the  seismic  intensity  distribution  map  begins  with  attenuation 
versus  distance  calculations  plotted  as  ellipses  centered  on  the  San  Bernardino 
Valley  segment  of  the  San  Jacinto  fault.    With  distance  from  the  fault,  each 
successive  ellipse  is  an  intensity  unit  less  than  the  previous  one.   On  well 
consolidated  bedrock  within  a  distance  of  5  miles  (8  km)  of  the  fault  the  ellipses 
denote  MMI  VII;  within  19  miles  (30  km)  they  denote  MMI  VI  or  greater.    In  areas 
of  less  consolidated  ground,  seismic  intensities  due  to  shaking  can  be  up  to  2.0 
units  higher.   Therefore,  for  areas  within  5  miles  (8  km)  of  the  fault  MMI  IX  will 
occur  on  the  softest  ground,  while  MMI  VII  will  occur  on  the  densest  bedrock. 

North  of  34°  latitude,  the  geological  base  was  prepared  from  the  San  Bernardino 
1:250,000  scale  map  of  Bortugno  and  Spittler  (1986).    South  of  34°  latitude  and 
west  of  117°  longitude,  the  geological  base  was  prepared  from  the  Santa  Ana 
1:100,000  scale  map  of  Greenwood  and  Morton  (1991).    East  of  117°  longitude, 
the  geological  base  was  prepared  from  the  1:250,000  scale  map  of  Matti  and 
others  (1986). 

Table  1  lists  the  geologic  units  in  the  planning  area  and  the  relative  intensity 
factors  assigned  to  each  unit.    The  seismic  intensity  for  consolidated  bedrock  is 
increased  by  this  factor  to  include  the  effect  of  geology.   Table  1  is  similar  to 
Evernden  and  others  (1981,  Tables  1  and  2),  but  the  factors  are  positive  instead 
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of  negative  because  the  algorithm  gives  intensity  for  consolidated  bedrock  instead 
of  for  alluvium.  Evernden  and  others  (1981)  have  a  range  of  3.0  for  the  intensity 
factor. 

Table  1  has  a  range  of  only  2.0  for  the  intensity  factor  because  we  consider  that 
shaking  intensity  on  saturated  Holocene  deposits  is  only  2.0  units  higher  than  on 
consolidated  bedrock.   Also,  our  classifications  for  some  geologic  units  differ 
slightly  from  Evernden  and  others  (1981).    For  instance,  shear  wave  velocities  are 
higher  in  Plio-Pleistocene  deposits  than  Holocene  deposits  (Fumal  and  Tinsley, 
1 985).   Thus  we  consider  Plio-Pleistocene  sedimentary  deposits  (  +  1.8)  to  have 
slightly  less  intensity  amplification  than  Holocene  sedimentary  deposits  (  +  2.0). 

Ground  Deformation 

Intensities  higher  than  MMI  IX  are  not  shown  because  they  generally  result  from 
the  secondary  effects  of  ground  deformation.   The  seismic  intensity  map 
identifies  areas  susceptible  to  ground  deformation.    In  contrast  to  vibratory 
shaking,  ground  deformation  is  a  permanent  displacement  of  earth  materials 
resulting  from  fault  rupture,  liquefaction,  or  slope  failure.    Lifeline  damage  due  to 
fault  rupture  will  be  confined  to  a  narrow  zone  within  about  330  feet  (100  m)  of 
the  fault  (Bonilla,  1967).    The  potential  for  liquefaction  (Borchardt  and  Kennedy, 
1979)  is  governed  by  the  presence  of  substrate  materials  containing  water- 
saturated  sand  and  having  accelerations  over  0.2  g  (Holzer  and  others,  1989). 
Seismically  induced  landslides  occur  primarily  on  slopes  greater  than  3  in  10  (or 
30  percent  grade)  in  hills  containing  unstable  geologic  materials. 

Characteristics  of  the  Seismic  Intensity  Distribution 

The  planning  area  (Map  S)  extends  23  miles  (37  km)  southwest  of  the  fault  to 
include  Corona  and  Pomona,  and  10  miles  (16  km)  northeast  of  the  fault  to 
include  Yucaipa  and  Crestline. 
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TABLE  1 
GEOLOGIC  UNITS  AND  SHAKING  INTENSITY  FACTORS 


Geologic  Map  Units* 

Intensity  Factor 

Plutonic  and  Metamorphic  Rocks 

San  Bernardino  sheet:  JKgd,  JKqm,  Jqd,  J?qd, 
K?gb,  Kgr,  Kqd,  ms,  ml,  m2,  m3,  m4,  ps,  Tgr,  TRgd 

Santa  Ana  sheet:  Jbc,  Jfva,  Jfvb,  Jfvc,  Jqd,  Kd, 
Kdg,  Kd-Kg,  Kgb,  Kgb1,  Kgd,  Kgm,  Kgm1,  Kgm2,  Kgr, 
KJh,  KJm,  KJql,  Kqd,  Kqd1,  Kqd2,  Kqd2b,  Kqd3,  Kqm, 
ms,  ms1 ,  um 

East  of  117°  lonqitude:  Prb,  sab 

0.0 

Volcanic  Rocks 

San  Bernardino  sheet:  Mav,  Mav",  Om 
Santa  Ana  sheet:  KJsd,  KJsdi,  Tsr 

0.3 

Miocene  Nonmarine  Sediments 

San  Bernardino  sheet:  Mcv,  Msa 

Santa  Ana  sheet:  Tim,  Td,  Tdsc  Tdv,  Tsi,  Tuc,  Tvs 

1.3 

Miocene  Sedimentary  Rocks 

San  Bernardino  sheet:  Mo,  Moe,  MtD 
Santa  Ana  sheet:  Tf 

1.5 

Pliocene,  Plio-Pleistocene,  and  Pleistocene 
Sedimentary  Rocks 

San  Bernardino  sheet:  Per,  Qh.  Qo.  Qod,  Qof.  QTst 

Santa  Ana  sheet:  Qlh.  Qo.  Qof.  Qds.  Qt.  Qt1.  Qt2. 
Qtstl,  Qtst2,  Qtst3,  Qtst4,  Qtst5,  Que,  Qus 

East  of  117°  lonaitude:  Qdf.  Qof.  Qts.  Qtst 

1.8 

Holocene  Deposits 

San  Bernardino  sheet:  Q.  Qf.  Qls.  Qow.  Ow.  Oya.  Oyf 
Santa  Ana  sheet:  af.  Q.  Ql    DIs    Ds    Dw    nya 
East  of  117°  lonaitude:  Qf.  Qyf    Qw 

2.0 

*  Bort'ugno  and  Spmler,  1986;  Greenwood  and  Morton,   1991;  Matti  and  others,  1986. 
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Shaking 

Intensities  are  generally  highest  at  the  fault  and  decrease  with  distance  from  the 
fault.   The  concentric  pattern  is  modified  by  the  areal  distribution  of  geologic 
materials  of  varying  ground  response.   These  variations  account  for  the  MMI  VII 
areas  near  the  fault  on  uplifted  and  consolidated  rock,  and  for  the  MMI  IX  areas 
occurring  5  miles  (8  km)  from  the  fault  in  unconsolidated  alluvium. 

After  applying  the  geological  intensity  factors  listed  in  Table  1,  the  corrected 
intensities  were  rounded  to  integer  values.    Half  integers  are  shown  only  for  the 
MMI  VIM  range:  8-  indicates  8.0  to  8.4,  and  8+  indicates  8.5  to  8.9.    The  half 
integers  help  to  differentiate  between  sedimentary  deposits  having  a  geological 
factor  of  1 .5  and  younger  alluvium  having  geological  factors  of  1 .8  to  2.0. 

MMI  VIM  or  greater  shaking  extends  throughout  the  alluvial  sections  of  the  upper 
Santa  Ana  River  and  San  Bernardino  Valley,  and  the  Yucaipa  and  San  Jacinto 
valleys.    Intensities  less  than  MMI  VIII  occur  in  the  consolidated  rocks  in  the  hilly 
areas,  including  the  San  Gabriel  Mountains,  San  Bernardino  Mountains,  and  the 
mountainous  areas  of  Riverside  County.    Large  portions  of  these  hilly  areas  are 
subject  to  seismically  triggered  landslides,  which  could  result  in  intensities  higher 
than  those  indicated  on  Map  S. 

Within  the  planning  area,  there  are  local  zones  where  ground  deformation  will 
produce  intensities  greater  than  MMI  IX.    These  include: 

a)  The  areas  crossed  by  the  San  Jacinto  fault  where  surface  rupture 
occurs; 

b)  Areas  where  ground  conditions  favor  liquefaction,  such  as  the  City  of 
San  Bernardino  and  areas  along  the  Santa  Ana  River; 

c)  Areas  of  potential  landsliding,  such  as  the  San  Gabriel  and  San 
Bernardino  Mountains. 
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Fault  Rupture 

The  scenario  earthquake  postulates  rupture  of  the  northernmost  34  miles  (55  km) 
of  the  San  Jacinto  fault,  which  is  basically  the  San  Bernardino  Valley  segment 
defined  by  the  WGCEP  (1988).    The  fault  trace  is  indicated  on  Map  S.    Although 
an  actual  rupture  of  the  San  Jacinto  fault  may  be  quite  different,  this  particular 
part  of  the  fault  would  produce  the  largest  disaster  in  a  M7  event.   The  seismic 
intensities  at  sites  located  on  the  fault  rupture  could  be  higher  than  those 
indicated  on  Map  S  due  to  fault  displacement. 

Liquefaction 

Three  factors  must  be  present  for  liquefaction  to  occur  within  a  particular 

foundation  material: 

1.  High  water  table. 

2.  Layers  of  loose  sand. 

3.  Earthquake  shaking  of  sufficient  intensity. 

Flat-lying  areas  having  shaking  intensities  greater  than  MMI  VI  satisfy  the  third 
criterion.   We  consider  alluvium  having  the  permanent  water  table  within  10  feet 
(3  m)  of  the  surface  as    having  "high"  susceptibility  to  liquefaction,  and  within  30 
feet  (10  m)  as  having  "moderate"  susceptibility  to  liquefaction.   Thus,  we  used 
the  "high"  and  "moderate"  liquefaction  units  of  Tinsley  and  others  (1985,  Table 
43,  Figure  151)  for  the  upper  Santa  Ana  River  basin.   This  was  supplemented 
with  the  corresponding  "high  susceptibility"  and  "moderately  high  to  moderate 
susceptibility"  units  of  Matti  and  Carson  (1991)  for  the  San  Bernardino  Valley  and 
vicinity,  during  a  major  earthquake  on  the  San  Jacinto  fault. 

Plans  are  underway  to  lower  the  water  table  in  the  San  Bernardino  area  to  20  feet 
(15  m)  through  pumping,  treatment,  and  sale  of  water.     Although  this  might  be 
accompanied  by  up  to  22  inches  of  subsidence  in  certain  areas  (Miller  and  Singer, 
1971),  the  potential  for  liquefaction  would  be  reduced. 
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Photo  4.       Seismically  induced  "sand  boil"  suggesting  liquefaction  conditions  in  Colton-San 

Bernardino  area  before  urbanization.    The  unconsolidated  sands  and  gravels  shown 
here  are  typical  of  the  alluvial  filled  channels  in  the  San  Bernardino  area  and  represent 
a  liquefaction  hazard  when  saturated.    Photo  by  Oscar  Huber,  1971  (from  Fife  and 
others,  1976). 
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For  Riverside  County,  we  used  the  data  of  Envicom  Corporation  (1976)  [Plate 
I V-A  for  the  Corona  area,  Plate  l-A  for  the  Lake  Elsinore  area,  and  Plates  ll-A  and 
l-A  for  the  Temecula  area].   Their  unit  "LL"  was  used  for  our  "high"  susceptibility 
to  liquefaction  and  their  unit  "L"  was  used  for  our  "moderate"  susceptibility. 

We  expect  liquefaction  to  occur  in  the  areas  of  high  susceptibility  in  San 
Bernardino  and  in  the  Santa  Ana  River  valley.    Consequently,  Modified  Mercalli 
Intensities  in  those  areas  could  be  greater  than  those  indicated  on  Map  S. 

Seismically  Induced  Landslides 

Areas  subject  to  seismically  induced  landsliding  are  shown  on  Map  S.    Not  all  the 
areas  shown  as  susceptible  to  landslides  will  fail  in  this  way.    Also,  landslides 
could  occasionally  occur  in  areas  not  identified  as  susceptible. 

The  earliest  earthquake  planning  scenarios  (Davis  and  others,  1982a;  1982b) 
mentioned  the  potential  for  seismically  induced  landslides  (SIL)  but  did  not  show 
them.   The  northern  San  Andreas  scenario  (Davis  and  others,  1982a)  simply 
stated  that  routes  through  the  Santa  Cruz  Mountains  would  be  closed  by 
landslides  like  those  triggered  by  the  1906  earthquake.   The  Hayward  scenario 
(Steinbrugge  and  others,  1987)  was  the  first  to  delineate  areas  subject  to  SIL.    It 
used  existing  landslide  maps  and,  where  such  maps  were  not  available,  simply 
delineated  slopes  greater  than  30  percent  as  susceptible  to  SIL.    Since  the 
preparation  of  that  scenario,  specific  techniques  for  analyzing  SIL  potential  have 
been  developed  and  used  to  produce  a  large-scale  map  for  San  Mateo  County 
(Wieczorek  and  others,  1985).    These  techniques  can  be  applied  on  a  site-by-site 
basis  when  the  character  of  the  bedrock  is  known  (Wilson  and  Keefer,  1985,  p. 
338),  but  for  our  regional  analysis  we  used  a  more  general  approach. 

Lifelines  are  affected  by  two  SIL  effects:  disrupted  slides  and  falls,  and  coherent 
slides.    Disrupted  slides  and  falls  include  rock  falls,  soil  falls,  disrupted  soil  slides, 
and  rock  slides,  and  generally  impact  lifelines  from  above.    Coherent  slides 
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include  rock  slumps,  soil  slumps,  rock  block  slides  and  slow  earth  flows,  and 
generally  affect  lifelines  from  below.    Based  on  discussions  with  D.  Keefer  at 
USGS,  we  assume  that  falls  occur  on  slopes  of  greater  than  70  percent 
throughout  the  planning  area,  and  that  slides  occur  on  slopes  of  greater  than  30 
percent  in  the  MMI  VIM  and  IX  zones.   Three  steps  were  taken  to  prepare  the  SIL 
overlay: 

1.  Include  landslides  mapped  in  the  planning  area  within  25  miles  (40  km) 
of  the  fault  regardless  of  the  shaking  intensity.    Data  south  of  latitude 
34°  are  from  Greenwood  and  Morton  (1991).    Data  north  of  latitude 
34°  are  from  Bortugno  and  Spittler  (1986),  supplemented  in  Cajon 
Canyon  from  Lowe  and  others  (1991a),  and  for  the  area  between  San 
Bernardino  and  Silverwood  Lake  from  Tan  (1989),  and  for 
southwestern  San  Bernardino  County  from  Fife  and  others  (1976),  and 
for  the  Yucaipa  area  from  Tan  (1990). 

2.  Delineate  slopes  steeper  than  70  percent  as  areas  with  high  potential 
for  disrupted  slides  and  falls.    Loose  materials  at  the  angle  of  repose 
(typically  between  33°  and  37°,  or  65  to  75  percent  slope)  require 
only  a  slight  horizontal  acceleration  to  cause  them  to  tumble  down 
slope.    Disrupted  slides  and  falls  are  common  in  MMI  zones  as  low  as 
VI  (Keefer,  1984),  so  throughout  the  planning  area  we  show  all  slopes 
greater  than  70  percent  as  subject  to  SIL.   These  include  slopes  not 
covered  with  loose  material,  that  actually  may  not  have  high  potential 
for  SIL.    Beneath  each  steep  slope  lies  a  "runout"  zone  wherein 
disrupted  slides  and  falls  may  impact.    From  empirical  data  Keefer 
(1991)  estimates  that  for  70  percent  slopes,  the  runout  zone  adds 
about  half  again  as  much  to  the  SIL  area.   We  delineate  the  steep  part 
of  the  hillside  plus  the  runout  zone  as  subject  to  disrupted  slides  and 
falls  on  our  map.    Some  of  these  slopes  could  be  affected  by  coherent 
slides  as  well. 
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Artificially  cut  slopes  such  as  roadcuts  are  too  small  to  show  at  our 
map  scale,  but  we  expect  some  of  the  steeper  ones  to  have  disrupted 
slides  and  falls  (Pierson  and  others,  1990). 

3.        Delineate  areas  having  slopes  less  than  70  percent  and  greater  than  30 
percent  and  intensities  greater  than  MMI  VII,  as  areas  with  high 
potential  for  coherent  slides.   The  potential  for  SIL  usually  increases 
with  slope,  but  even  the  most  unstable  materials  seldom  experience  SIL 
unless  the  slope  is  over  30  percent  (Keefer,  1984).    If  the  earthquake 
occurs  in  conjunction  with  unusually  high  moisture  levels  associated 
with  the  end  of  the  rainy  season  or  with  improper  drainage,  even 
normally  stable  materials  may  fail.    In  the  1989  Loma  Prieta  earthquake 
(M7),  most  coherent  slides  (Spittler  and  others,  1990;  Manson  and 
others,  1991)  occurred  in  the  area  of  MMI  VIII  or  stronger  shaking. 
Consequently  in  this  scenario  for  a  M7  event,  we  assume  that  coherent 
slides  will  occur  mainly  on  slopes  steeper  than  30  percent  in  areas  of 
MMI  greater  than  VII.    Coherent  slides  have  been  observed  at  MMI  VII 
or  less  (Keefer,  1984),  but  in  these  zones  we  assign  relatively  high 
potential  for  SIL  only  to  areas  of  previously  known  landslides,  and  to 
disrupted  slides  and  falls  on  slopes  of  greater  than  70  percent. 

Comparison  to  M8  Earthquake  on  the  San  Andreas  Fault 

The  San  Bernardino  area  was  included  in  DMG's  scenario  for  a  M8.3  event  on  the 
San  Andreas  fault  (Davis  and  others,  1982a).    The  nearest  faulting  produced  by 
that  event  was  16  miles  (25  km)  to  the  northwest  of  downtown  San  Bernardino. 
Intensities  from  that  earthquake  were  expected  to  be  about  MMI  VII  to  VIM 
throughout  most  of  the  San  Bernardino-Riverside  area.    Intensities  will  be  MMI 
VIII  to  IX  from  the  San  Jacinto  event  in  the  same  area.    In  and  around  San 
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Bernardino,  effects  of  the  M7  San  Jacinto  event  will  exceed  those  of  a  larger  San 
Andreas  event,  because  they  will  include  local  fault  rupture  as  well  as  strong  MMI 
VIII  to  IX  shaking. 
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BUILDINGS  AND  STRUCTURES 


SCENARIO  MAPS  AND  DAMAGE  ASSESSMENTS 

ARE  INTENDED  FOR  EMERGENCY  PLANNING 

PURPOSES  ONLY 


THEY  ARE  BASED  UPON  THE  FOLLOWING  HYPOTHETICAL 
CHAIN  OF  EVENTS: 

1.  A  PARTICULAR  EARTHQUAKE  OCCURS 

2.  VARIOUS  LOCALITIES  IN  THE  PLANNING  AREA 
EXPERIENCE  A  SPECIFIC  TYPE  OF  SHAKING  OR  GROUND 
FAILURE 

3.  CERTAIN  CRITICAL  FACILITIES  UNDERGO  DAMAGE  AND 
OTHERS  DO  NOT 

THE  CONCLUSIONS  REGARDING  THE  PERFORMANCE  OF 
FACILITIES  ARE  HYPOTHETICAL  AND  NOT  TO  BE  CONSTRUED 
AS  SITE-SPECIFIC  ENGINEERING  EVALUATIONS.  FOR  THE 
MOST  PART,  DAMAGE  ASSESSMENTS  ARE  STRONGLY 
INFLUENCED  BY  THE  SEISMIC  INTENSITY  DISTRIBUTION  MAP 
DEVELOPED  FOR  THIS  PARTICULAR  SCENARIO  EARTHQUAKE. 
THERE  IS  DISAGREEMENT  AMONG  INVESTIGATORS  AS  TO 
THE  MOST  REALISTIC  MODEL  FOR  PREDICTING  SEISMIC 
INTENSITY  DISTRIBUTION.  NONE  HAVE  BEEN  FULLY  TESTED 
AND  EACH  WOULD  YIELD  A  DIFFERENT  EARTHQUAKE 
PLANNING  SCENARIO.  FACILITIES  THAT  ARE  PARTICULARLY 
SENSITIVE  TO  EMERGENCY  RESPONSE  WILL  REQUIRE  A 
DETAILED  GEOTECHNICAL  STUDY. 

THE  DAMAGE  ASSESSMENTS  ARE  BASED  UPON  THIS  SPECIFIC 
SCENARIO.  AN  EARTHQUAKE  OF  SIGNIFICANTLY  DIFFERENT 
MAGNITUDE  ON  THIS  OR  ANY  ONE  OF  MANY  OTHER  FAULTS 
IN  THE  PLANNING  AREA  WILL  RESULT  IN  A  MARKEDLY 
DIFFERENT  PATTERN  OF  DAMAGE. 
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BUILDINGS 
Seismic  Considerations 

Introduction 

Scenarios  describing  damage  patterns  cannot  predict  exactly  what  will  occur. 
Nevertheless,  by  knowing  the  type  of  building  construction  and  its  performance  in 
previous  earthquakes,  realistic  estimates  of  probable  damage  can  be  developed 
for  use  in  disaster  response  planning.   The  response  of  buildings  and  structures  to 
earthquake  ground  motions  is  not  well  understood.    Surprises  have  occurred  and 
lessons  have  been  learned  in  every  damaging  American  earthquake,  including  the 
recent  1992  earthquakes  at  Landers  (M7.5)  and  Big  Bear  (M6.6),  and  1989  Loma 
Prieta  (M7).    The  expected  seismic  performance  of  particular  facilities  in  this 
report  is  assessed  by  class  of  building  construction,  date  of  construction,  and  by 
geologic  setting.    Selected  representative  buildings  in  the  planning  area  were 
visited. 

Ground  Motions  and  Building  Damage 

The  seismic  motion  near  the  fault  source  of  damaging  earthquakes  is  generally  a 
rapid  and  irregular  oscillation  having  large  amplitudes.    Earthquake  waves  change 
in  character  as  they  travel  away  from  their  source.    Observation  as  well  as 
seismographic  records  show  that  the  very  rapid  and  violent  ground  oscillations 
(short  period  motion)  in  the  epicentral  region  are  quickly  damped  and  dispersed, 
leaving  principally  the  long  period  motion  at  large  distances.   The  greater  the 
distance,  the  slower  the  observed  predominant  oscillations.   The  predominant 
oscillations  at  large  distances  from  the  epicenter  can  be  so  gentle  that  they  may 
not  be  felt  by  all  people,  and  yet  be  strong  enough  to  cause  water  in  reservoirs 
and  in  harbors  to  oscillate  with  sometimes  destructive  effects. 
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Buildings  respond  differently  to  different  kinds  of  ground  motion.    Each  building 
has  its  own  specific  vibrational  characteristics  based  on  its  stiffness,  and  will 
respond  to  a  particular  ground  motion  in  a  particular  manner.   One  of  these 
vibrational  characteristics  is  termed  the  structure's  "natural  period  of  vibration." 
In  general,  the  taller  the  building,  the  longer  is  its  natural  period  of  vibration.    If 
the  building's  natural  period  of  vibration  roughly  coincides  with  the  principal 
motions  of  an  earthquake,  resonance  occurs.   This  results  in  increased  building 
motion.    Damage  from  resonance  is  generally  observed  in  tall  buildings  shaken  by 
large  distant  earthquakes.   The  1985  Mexico  City  earthquake  (M8.1)  was 
destructive  to  buildings  with  5  to  15  stories  (natural  period  0.5  to  1.5  sec)  built 
on  soft  soils,  at  a  distance  of  220  miles  (350  km)  from  the  epicenter.   The 
changes  in  ground  motion  as  a  function  of  distance,  may  reverse  the  relative 
damage  of  short  and  tall  buildings  as  distance  increases.    Near  the  epicenter, 
damage  to  low  rigid  (short  period)  buildings  may  exceed  damage  to  high  rise  (long 
period)  buildings.   At  distances  over  100  miles  (161  km),  damage  to  high  rise 
buildings  may  predominate  over  that  of  even  poorly  built  one-story  structures. 

Short  Period  Motion  Effects 

The  historical  damage  patterns  that  cover  thousands  of  years  and  thousands  of 
earthquakes  are  associated  mostly  with  the  short-period  ground  motions  (i.e., 
rapid  back-and-forth  motions).    Isoseismal  maps,  including  the  seismic  intensity 
distribution  map  in  this  report  are  based  on  short  period  effects. 

In  general,  light  mass  structures  perform  much  better  than  do  heavy  mass 
structures.   This  is  because  the  ground  moves  away  from  the  structure  during  an 
earthquake,  and  the  structure  must  follow  these  movements.   The  heavier  the 
mass  of  the  structure,  the  greater  will  be  its  resistance  to  follow  the  ground 
movement.    Therefore,  a  "heavy  substantial"  building  which  is  not  designed  to  be 
earthquake  resistive  is  more  likely  to  fail  than  is  a  "flimsy"  wood-frame  structure. 
Countless  evidence  of  this  exists  throughout  the  historic  record. 
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Long  Period  Motion  Effects 

Long  period  motion  principally  affects  high  rise  buildings.    Long  period  effects  of 
the  1952  Kern  County  earthquake  (M7.2)  resulted  in  numerous  instances  of  non- 
structural damage  to  multistory  steel  or  concrete-frame  buildings  in  Los  Angeles 
and  Long  Beach,  but  essentially  no  damage  to  one  and  two-story  buildings  in  the 
same  area.    These  cities  were  located  about  70  and  90  miles  (113  and  145  km) 
from  the  epicenter.    Generally,  the  affected  buildings  were  10  to  12  stories  high 
and  had  a  measured  natural  period  of  vibration  of  1  to  2  seconds.    Buildings  as 
low  as  six  stories  were  also  damaged. 

The  1964  Alaskan  earthquake  (M8.4)  caused  extensive  damage  to  multi-story 
buildings  in  Anchorage,  which  was  75  miles  (121  km)  from  the  epicenter.    Low 
rise  buildings  in  Anchorage  did  not  suffer  comparable  shaking  damage. 

Earthquake  Resistive  Design 

History  of  Building  Codes 

Before  1925,  few  buildings  in  California  were  designed  specifically  to  resist 
earthquakes,  although  many  benefitted  from  design  for  wind  forces  which 
afforded  improved  resistance  to  earthquake  damage.    After  the  1925  Santa 
Barbara  earthquake  (M6.3)  a  few  moderate-size  communities  in  California  adopted 
building  codes  which  required  earthquake  bracing.    After  the  1933  Long  Beach 
earthquake  (M6.3),  more  southern  California  communities  adopted  these  codes, 
with  their  usage  spreading  generally  to  northern  California  by  1950. 
Concurrently,  improvement  in  research  and  design  practices  also  led  to 
substantially  improved  earthquake  resistive  construction.    Recent  earthquakes 
have  clearly  shown  that  earthquake  resistive  design  methods  are  highly  effective. 
California  public  school  buildings  constructed  after  1933  under  the  Field  Act  offer 
graphic  evidence  of  the  performance  of  well  designed  and  constructed  structures. 


47 


SAN  JACINTO  EARTHQUAKE  PLANNING  SCENARIO 

Since  the  1933  Long  Beach  earthquake  (M6.3),  public  school  buildings  in 
California  have  suffered  1/30th  of  the  dollar  value  damage  of  comparable 
commercial  buildings. 

The  philosophy  behind  the  seismic  provisions  of  most  American  building  codes  is 
to  "Resist  major  earthquakes  of  the  intensity  of  severity  of  the  strongest 
experienced  in  California,  without  collapse,  but  with  some  structural  as  well  as 
nonstructural  damage.    ...In  most  structures  it  is  expected  that  structural  damage, 
even  in  a  major  earthquake,  could  be  limited  to  repairable  damage."    By  using 
certain  types  of  flexible,  but  "safe"  construction,  a  structure  could  suffer  up  to 
50  percent  loss  without  having  serious  structural  damage. 

The  Field  Act,  adopted  within  a  month  after  the  1933  Long  Beach  earthquake 
(M6.3),  assigned  regulatory  powers  over  public  school  design  and  construction  to 
the  State.    As  previously  noted,  the  resulting  high  standards  proved  to  be  very 
successful  in  the  1952  Kern  County  (M7.2)  and  1983  Coalinga  (M6.5) 
earthquakes.   The  original  Field  Act  applied  only  to  new  schools.    With  time  it 
became  evident  that  the  old  schools  were  still  major  threats.    In  1969,  the 
Garrison  Act  was  passed  by  the  California  Legislature  to  deal  with  the  old 
schools. 

California's  Hospital  Act  of  1972  was  adopted  as  a  result  of  the  1971  San 
Fernando  earthquake  (M6.4).    It  made  damage  control  mandatory  when  the  State 
pre-empted  new  hospital  construction  from  local  control.   The  act  followed  the 
precepts  of  the  Field  Act  for  public  schools  and  included  the  following  significant 
statement: 

Section  2.  It  is  the  intent  of  the  Legislature  that  hospitals,  which  house 
patients  having  less  than  the  capacity  of  normally  healthy  persons  to 
protect  themselves,  and  which  must  be  completely  functional  to  perform 
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all  necessary  services  to  the  public  after  a  disaster,  shall  be  designed  and 
constructed  to  resist,  insofar  as  practicable,  the  forces  generated  by 
earthquakes,  gravity,  and  winds... 

The  legislation  does  not  state  that  the  hospitals  must  remain  "undamaged,"  but 
they  must  remain  "functional"  to  perform  all  necessary  services. 

Before  1971  the  seismic  design  provisions  for  highway  bridges  was  minimal. 
Immediately  following  the  1971  San  Fernando  earthquake  (M6.4),  the  California 
Department  of  Transportation  (Caltrans)  instituted  emergency  load  factor 
increases  to  their  seismic  design  provisions.   The  State  also  embarked  on  an 
ongoing  program  to  upgrade  the  seismic  resistance  of  existing  bridges. 

Planning  Considerations 

The  planning  area,  with  a  population  of  3  to  4  million,  will  be  subject  to  the 
effects  of  ground  shaking  between  MMI  VII  to  MMI  IX,  earth  displacements 
averaging  3  feet  in  the  fault  rupture  zone,  liquefaction  in  widespread  areas  of  San 
Bernardino  and  the  Santa  Ana  River  basin,  and  landslides  in  hilly  areas  (Map  S). 
Moderate  to  severe  damage  will  occur  to  structures  with  inadequate  earthquake 
resistance.    Damage  will  occur  in  zones  of  ground  deformation  from  faulting, 
landslides,  and  liquefaction. 

Unreinforced  Masonry  Buildings 

The  unreinforced  masonry  (URM)  bearing  wall  building  presents  the  most  serious 
life  safety  risk  of  all  buildings.    This  has  been  demonstrated  in  every  moderate  to 
severe  earthquake  that  has  occurred  in  the  United  States  and  around  the  world. 
This  type  of  building  was  constructed  in  the  periods  before  the  first  effective 
building  code  requirements  for  earthquake  resistance  were  adopted  in  the  United 
States  in  1933. 
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In  1986,  California  adopted  Senate  Bill  547  requiring  that  cities  and  counties  in 
Uniform  Building  Code  (UBC)  Zone  4  have  a  program  in  place  by  January  1,  1992 
for  mitigating  or  eliminating  the  hazards  of  pre-1933  URM  buildings.   This 
program  requires  identifying  potentially  hazardous  buildings,  providing  an 
inventory  list  to  the  state,  and  notifying  the  building  owners.    It  also  requires 
adopting  design  standards  and  methods  of  seismic  upgrading,  and  time  frames  or 
deadlines  for  submitting  upgrading  plans  and  completing  retrofit  construction. 

Unfortunately,  most  of  the  vulnerable  URM  buildings  in  the  planning  area  will 
experience  earth  shaking  of  MMI  VIII  to  IX  during  the  scenario  earthquake  (Table 
B-1).    By  November  1992  very  few  URM  buildings  had  upgrading  plans,  and 
fewer  still  had  been  upgraded.   Obviously,  there  will  be  severe  structural  damage 
and/or  collapse  to  many  URM  buildings  in  the  scenario  earthquake.    URM 
buildings  located  in  the  potential  liquefaction  areas  of  metropolitan  San  Bernardino 
are  especially  vulnerable.    More  than  half  of  the  URM's  listed  in  Table  B-1  are  in 
the  cities  of  Riverside,  San  Bernardino,  Fontana,  and  Redlands  (Figures  3,  4,  5, 
and  6).    In  planning  for  the  scenario  event,  these  four  cities  should  anticipate 
emergency  response  for  URM  building  collapse,  potential  casualties,  and  other 
problems. 
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TABLE  B-1 


UNREINFORCED  MASONRY  BUILDINGS  IN  THE  PLANNING  AREA 


County  or  City 

Program 
in  Place 

No.  of 

URM 

Buildings 

MMI 

Shaking* 

this  Scenario 

City  of  Riverside 

Yes 

245 

VIII 

City  of  San  Bernardino 

Yes 

202 

IX 

Fontana,  San  Bernardino  County 

No 

77 

IX 

Redlands,  San  Bernardino  County 

No 

75 

IX 

Beaumont,  Riverside  County 

Yes 

30 

VIII 

Hemet,  Riverside  County 

No 

26 

VII  -VIII 

Yucaipa,  San  Bernardino  County 

No 

25 

VIII 

Colton,  San  Bernardino  County 

Yes 

20 

IX 

Rialto,  San  Bernardino  County 

Yes 

19 

IX 

Loma  Linda,  San  Bernardino  County 

Yes 

10 

IX 

Riverside  County 

No 

45 

VII  -  IX 

San  Bernardino  County 

Yes 

25 

VII  -  IX 

TOTAL 

799 

Refer  to  Appendix  A 
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Figure  3.    Schematic  distribution  of  unreinforced  masonry  buildings  in  Riverside. 
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Figure  4.       Schematic  distribution  of  unreinforced  masonry  buildings  in  San  Bernardino. 
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Figure  5.       Schematic  distribution  of  unreinforced  masonry  buildings  in  Fontana. 
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Figure  6.       Schematic  distribution  of  unreinforced  masonry  buildings  in  Redlands. 
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ARE  INTENDED  FOR  EMERGENCY  PLANNING 


PURPOSES  ONLY 


THEY  ARE  BASED  UPON  THE  FOLLOWING  HYPOTHETICAL 
CHAIN  OF  EVENTS: 

1.  A  PARTICULAR  EARTHQUAKE  OCCURS 

2.  VARIOUS  LOCALITIES  IN  THE  PLANNING  AREA 
EXPERIENCE  A  SPECIFIC  TYPE  OF  SHAKING  OR  GROUND 
FAILURE 

3.  CERTAIN  CRITICAL  FACILITIES  UNDERGO  DAMAGE  AND 
OTHERS  DO  NOT 

THE  CONCLUSIONS  REGARDING  THE  PERFORMANCE  OF 
FACILITIES  ARE  HYPOTHETICAL  AND  NOT  TO  BE  CONSTRUED 
AS  SITE-SPECIFIC  ENGINEERING  EVALUATIONS.  FOR  THE 
MOST  PART,  DAMAGE  ASSESSMENTS  ARE  STRONGLY 
INFLUENCED  BY  THE  SEISMIC  INTENSITY  DISTRIBUTION  MAP 
DEVELOPED  FOR  THIS  PARTICULAR  SCENARIO  EARTHQUAKE. 
THERE  IS  DISAGREEMENT  AMONG  INVESTIGATORS  AS  TO 
THE  MOST  REALISTIC  MODEL  FOR  PREDICTING  SEISMIC 
INTENSITY  DISTRIBUTION.  NONE  HAVE  BEEN  FULLY  TESTED 
AND  EACH  WOULD  YIELD  A  DIFFERENT  EARTHQUAKE 
PLANNING  SCENARIO.  FACILITIES  THAT  ARE  PARTICULARLY 
SENSITIVE  TO  EMERGENCY  RESPONSE  WILL  REQUIRE  A 
DETAILED  GEOTECHNICAL  STUDY. 

THE  DAMAGE  ASSESSMENTS  ARE  BASED  UPON  THIS  SPECIFIC 
SCENARIO.  AN  EARTHQUAKE  OF  SIGNIFICANTLY  DIFFERENT 
MAGNITUDE  ON  THIS  OR  ANY  ONE  OF  MANY  OTHER  FAULTS 
IN  THE  PLANNING  AREA  WILL  RESULT  IN  A  MARKEDLY 
DIFFERENT  PATTERN  OF  DAMAGE. 


SAN  JACINTO  EARTHQUAKE  PLANNING  SCENARIO 

PUBLIC  SCHOOLS 

General  Characteristics 

There  are  eleven  colleges  and  universities  and  more  than  49  high  schools  and 
junior  high  schools  in  the  planning  area  (Map  F-S).    In  addition,  there  are 
numerous  special  schools  and  several  hundred  elementary  schools,  too  numerous 
to  plot  on  a  map  of  this  scale.    Public  school  buildings  are  reasonably  well 
distributed  throughout  the  densely  populated  areas,  such  as  the  cities  of  San 
Bernardino  and  Riverside.    Many  of  these  buildings  will  remain  safe  after  the 
earthquake,  and  hence  can  provide  shelter  for  those  whose  homes  are  rendered 
uninhabitable.    Representative  schools  in  the  planning  area  were  visited. 

Although  this  discussion  is  directed  toward  public  schools,  the  scenario  also  is 
applicable  to  private  schools  designed  and  constructed  to  Field  Act  standards. 
Seismic  safety  standards  for  new  private  schools  built  since  1933  were,  in  some 
cases,  the  same  as  those  mandated  for  public  schools.   This  may  not  be  true  for 
buildings  originally  not  constructed  as  schools. 

Table  S-1  lists  the  eleven  colleges  in  the  planning  area  showing  their  distance 
from  the  fault  and  predicted  intensity  of  shaking.    The  numerous  buildings  on 
these  campuses  are  of  varying  ages  and  types  of  construction.    Serious  structural 
and  non-structural  damage  will  occur  at  the  San  Bernardino  Valley  College  which 
is  in  the  fault  zone  (Photo  5)  in  an  area  of  high  liquefaction  potential.    Damage 
will  occur  at  all  of  the  other  college  sites,  for  all  of  them  are  in  MMI  VIII  or  IX 
zones. 

Table  S-2  shows  the  distribution  of  high  schools  and  junior  high  schools,  their 
distance  from  the  San  Jacinto  fault  and  anticipated  intensity  of  shaking. 
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TABLE  S-1 
COLLEGES  IN  THE  PLANNING  AREA 


Distance  From 

MM 

College 

Fault  -  miles 

Intensity* 

San  Bernardino  Valley  College 

On  fault 

IX 

Loma  Linda  University 

1.0 

IX 

California  State  University,  San  Bernardino 

3.5 

IX 

University  of  Redlands 

5.0 

IX 

University  of  California  Riverside 

5.5 

VIII  + 

Crafton  College 

6.0 

VIII  -H 

Riverside  City  College 

7.5 

VIII  + 

Chaffey  Community  College 

7.5 

VIII  + 

California  Baptist  College 

12.0 

VIII- 

Loma  Linda  University,  La  Sierra 

15.0 

VIII- 

Claremont  Colleges 

15.0 

VIII- 

*    Refer  to  Appendix  A 


TABLE  S-2 

SELECTED  HIGH  SCHOOLS  AND  JUNIOR  HIGH  SCHOOLS 

(MAP  F-S) 


Distance  from 

MM 

Number  of  Schools 

Fault-miles 

Intensity* 

3 

0.0    -      1.0 

IX 

2 

1.0    -      1.5 

IX 

5 

1.5    -      3.0 

IX 

12 

3.0    -      5.0 

VIII  -  IX 

15 

5.0    -      8.0 

VIM 

12 

8.0    -    15.0 

VII  -  VIII 

TOTAL     49 

*    Refer  to  Appendix  A 
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FAULT  ZONE 


SAG  POND  DEPOSITS 


Photo  5. 


San  Jacinto  fault  zone  west  of  the  Life  Science  Building  at  San  Bernardino  Valley 
College.  The  fault  and  sag  pond  deposits  as  exposed  in  the  trench  are  shown  in 
cross  section.  Photo  by  Donald  L.  Fife;  trench  log  courtesy  of  Converse-Davis  & 
Associates,  Pasadena  (from  Fife  and  others,  1976). 
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Ten  high  schools  or  junior  high  schools  are  within  3  miles  (5  km)  of  the  fault  with 
sites  subject  to  MMI  IX  shaking  intensity.   These  will  suffer  some  structural  and 
non-structural  damage,  as  will  the  elementary  schools  in  the  same  areas. 

Seismic  Considerations 

Public  schools  were  given  special  legislative  attention  after  the  1933  Long  Beach 
earthquake  (M6.3).   This  legislation,  commonly  known  as  the  Field  Act,  has  been 
successfully  implemented  through  strictly  enforced  design  and  construction 
practices. 

Public  schools  constructed  under  the  Field  Act  have  performed  well  in 
earthquakes.   The  performance  of  public  schools  has  been  far  better  than  that  of 
other  buildings  constructed  of  similar  materials,  but  this  performance  has  not 
been  perfect.    For  example,  structural  damage  occurred  to  buildings  at  Arvin  High 
School  in  the  1952  Kern  County  earthquake  (M7.7).    Damage  of  varying  degrees 
occurred  to  several  schools  in  the  1971  San  Fernando  earthquake  (M6.4). 
Structural  damage  also  occurred  at  the  West  Hills  Community  College  in  Coalinga 
as  a  result  of  the  1983  Coalinga  earthquake  (M6.5)  (Meehan,  1983).    In  no  case 
was  there  a  major  life  hazard,  and  costs  of  repair  were  a  small  fraction  of  each 
building's  value.    Experience  shows  that  damage  can  occur  to  Field  Act  schools, 
and  such  buildings  will  not  be  usable  until  repairs  are  completed. 

In  the  1989  Loma  Prieta  earthquake  (M7)  there  was  only  minor  structural  damage 
to  most  public  school  buildings  (EERI,  1990).    Intensity  of  ground  shaking  varied 
from  MMI  VIII  near  the  epicenter  in  the  Santa  Cruz  area  to  MMI  VI  to  VII  in  the 
more  populous  San  Francisco  and  Oakland  areas.    Only  five  schools  had  severe 
damage.    One  of  these,  John  O'Connell  High  School  in  San  Francisco,  was  a 
converted  1920  manufacturing  building  that  had  been  upgraded  structurally  in 
1947. 
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The  following  is  from  the  Loma  Prieta  report  (EERI,  1990): 

Fortunately,  the  Loma  Prieta  earthquake  occurred  after  normal  school  hours. 
Hazards  from  unbraced  and  unanchored  nonstructural  items  were  evident  in 
many  school  buildings.   The  following  significant  hazards  continue  to 
constitute  a  danger  to  classroom  occupants  during  an  earthquake:  pendant- 
mounted  light  fixtures  without  safety  cables;  suspended  acoustical  ceiling 
systems  installed  without  bracing  or  perimeter  wires  along  with  their 
unattached  air-conditioning  grilles;  light  lenses,  and  light  fixtures;  and 
unanchored  four-drawer  file  cabinets,  unanchored  shelving,  and  their 
contents. 

The  public  school  damage  from  this  earthquake  [1989]  reinforces  once  more 
the  conclusion  that  pre-Field  Act  buildings  that  were  retrofitted  in  the  period 
from  1933  into  the  1960's  remain  the  most  likely  buildings  to  suffer 
structural  damage  in  severe  earthquakes.   The  seismic  resistant  upgrade  of 
these  buildings  was  done  to  structural  standards  that  were  different  and  often 
less  stringent  than  current  requirements. 

Many  public  school  buildings  have  been  used  as  evacuation  shelters  for  the 
victims  of  the  Loma  Prieta  earthquake. 


The  seismic  design  provisions  of  building  codes,  including  those  for  school 
buildings,  have  been  considerably  improved  over  the  half  century  since  the  Field 
Act  became  effective.    Some  of  the  Field  Act  schools  of  50  years  ago  would  not 
comply  with  today's  Field  Act  requirements  and,  indeed,  could  not  be  built  today 
without  including  significant  improvements.    Even  so,  the  overall  performance  of 
public  schools  will  continue  to  be  good. 

Planning  Scenario 

Wood-frame  public  schools  will  survive  without  major  structural  damage  and  will 
be  safe  for  emergency  use.   These  are  usually  one-story  elementary  schools. 
There  will  be  some  functional  restrictions  because  of  disrupted  utilities  (water, 
gas,  power,  and  sewer),  broken  windows,  fallen  ceiling  tiles,  jammed  doors, 
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overturned  bookcases,  and  similar  effects  to  10  percent  of  the  classrooms  within 
10  miles  (16  km)  of  the  assumed  fault  rupture.   This  will  require  closing  some 
schools  for  2  days  to  1  week. 

Structures  that  are  two  or  more  stories  high  are  often  of  reinforced  concrete  or 
other  masonry  wall  construction.    Shortly  after  the  event,  these  structures  should 
be  inspected  by  professional  engineers  and  architects  before  occupancy  is 
allowed  on  any  long  term  basis.    Occupancy  will  be  delayed  2  to  3  days  if  any 
significant  cracking  is  found.   There  will  be  access  problems  for  schools  located  in 
congested  metropolitan  areas. 

Schools  represent  a  substantial  school  age  population  at  risk.    Regardless  of  the 
state  of  structural  damage  to  school  buildings,  nonstructural  damage  and  lack  of 
utilities  will  cause  many  to  close  for  up  to  1  week  following  the  event.    Access 
will  be  a  major  problem  for  school  administrators  and  emergency  response 
personnel.    Road  closures,  particularly  1-10  and  1-15,  will  limit  parents'  abilities  to 
reach  schools  from  their  work  places. 

In  the  damaged  area,  undamaged  school  buildings  are  the  most  logical  choices  for 
local  evacuation  centers,  casualty  collection  points,  incident  command  centers, 
and  so  forth.    Emergency  response  personnel  should  have  plans  for  examination 
of  sites  designated  as  mass  care  centers  and  should  develop  several  alternative 
contingency  plans  for  the  students  as  well  as  for  the  general  public  in  the  areas  of 
greatest  potential  damage. 
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SCENARIO  MAPS  AND  DAMAGE  ASSESSMENTS 

ARE  INTENDED  FOR  EMERGENCY  PLANNING 

PURPOSES  ONLY 


THEY  ARE  BASED  UPON  THE  FOLLOWING  HYPOTHETICAL 
CHAIN  OF  EVENTS: 

1.  A  PARTICULAR  EARTHQUAKE  OCCURS 

2.  VARIOUS  LOCALITIES  IN  THE  PLANNING  AREA 
EXPERIENCE  A  SPECIFIC  TYPE  OF  SHAKING  OR  GROUND 
FAILURE 

3.  CERTAIN  CRITICAL  FACILITIES  UNDERGO  DAMAGE  AND 
OTHERS  DO  NOT 

THE  CONCLUSIONS  REGARDING  THE  PERFORMANCE  OF 
FACILITIES  ARE  HYPOTHETICAL  AND  NOT  TO  BE  CONSTRUED 
AS  SITE-SPECIFIC  ENGINEERING  EVALUATIONS.  FOR  THE 
MOST  PART,  DAMAGE  ASSESSMENTS  ARE  STRONGLY 
INFLUENCED  BY  THE  SEISMIC  INTENSITY  DISTRIBUTION  MAP 
DEVELOPED  FOR  THIS  PARTICULAR  SCENARIO  EARTHQUAKE. 
THERE  IS  DISAGREEMENT  AMONG  INVESTIGATORS  AS  TO 
THE  MOST  REALISTIC  MODEL  FOR  PREDICTING  SEISMIC 
INTENSITY  DISTRIBUTION.  NONE  HAVE  BEEN  FULLY  TESTED 
AND  EACH  WOULD  YIELD  A  DIFFERENT  EARTHQUAKE 
PLANNING  SCENARIO.  FACILITIES  THAT  ARE  PARTICULARLY 
SENSITIVE  TO  EMERGENCY  RESPONSE  WILL  REQUIRE  A 
DETAILED  GEOTECHNICAL  STUDY. 

THE  DAMAGE  ASSESSMENTS  ARE  BASED  UPON  THIS  SPECIFIC 
SCENARIO.  AN  EARTHQUAKE  OF  SIGNIFICANTLY  DIFFERENT 
MAGNITUDE  ON  THIS  OR  ANY  ONE  OF  MANY  OTHER  FAULTS 
IN  THE  PLANNING  AREA  WILL  RESULT  IN  A  MARKEDLY 
DIFFERENT  PATTERN  OF  DAMAGE. 
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FIRE  AND  POLICE 

General  Considerations 

Local  fire  and  law  enforcement  personnel  are  the  primary  initial  emergency 
responders.   In  this  chapter  we  review  the  potential  impact  of  the  scenario 
earthquake  on  the  fire  and  law  enforcement  facilities.    Representative  sites  were 
visited. 

In  general,  fire  and  police  stations  have  performed  well  during  recent  California 
earthquakes.   Nevertheless,  the  1971  February  9  San  Fernando  earthquake 
(M6.4)  damaged  three  Los  Angeles  County  fire  stations  so  badly  that  demolition 
of  the  structures  was  necessary  (Steinbrugge  and  others,  1971).    One,  on  the 
grounds  of  Olive  View  Hospital,  was  constructed  in  1926.    None  of  the  buildings 
collapsed  or  otherwise  totally  prevented  response.   The  Sheriff's  station  at 
Newhall  lost  both  electrical  power  and  telephone  service,  but  three  other  stations 
there  had  little  damage  (Olson,  1973).    Neither  the  1979  Imperial  Valley  (M6.4), 
the  1983  Coalinga  (M6.5),  nor  the  1984  Morgan  Hill  (M6.2)  earthquakes  severely 
damaged  fire  and  police  facilities. 

Even  though  buildings  may  not  collapse,  response  can  be  impeded  by  structural 
damage  and  non-structural  effects.    For  example,  in  1971  "at  the  Olive  View 
Hospital  station,  all  on-duty  firemen  were  thrown  from  their  beds,  were  hit  by 
flying  articles  and  falling  plaster  and  sustained  cuts,  scratches,  and  minor  bruises. 
It  was  not  until  about  6:30  a.m.  (1/2  hour  after  the  earthquake),  however,  before 
the  pumper  could  be  taken  out  of  the  building,  following  removal  of  obstructing 
debris  (including  the  hospital's  fire  alarm  control  panel)  and  freeing  of  the 
apparatus  floor  door"  (Steinbrugge  and  others,  1971).    Some  apparatus  rooms 
experienced  problems,  such  as  binding  of  doors,  failure  of  a  door  retraction 
spring,  and  doors  damaged  by  sliding  automotive  apparatus  equipment. 
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Until  January  1 986  there  was  no  State  mandate  that  fire  and  police  stations 
remain  functional  following  an  earthquake.   Until  1976,  the  Uniform  Building 
Code  (UBC)  had  no  special  recommendations  for  essential  facilities.   The  lag  time 
for  adoption  by  many  jurisdictions  of  a  specific  edition  of  the  UBC  may  be  3  or 
more  years.   Therefore,  most  facilities  constructed  before  1979  probably  were 
not  designed  for  seismic  resistance.   They  could  be  treated  as  general  commercial 
buildings.   Unless  a  city  or  county  required  special  seismic  design,  all  comments 
in  the  previous  chapter  on  general  buildings  apply  to  fire  and  police  stations. 

The  1976  and  subsequent  versions  of  the  UBC  require  that  essential  facilities, 
including  fire  and  police  stations,  be  designed  with  a  50  percent  higher  lateral 
force  level  than  that  required  for  nonessential  facilities.   This  force  level  is 
primarily  aimed  at  increasing  the  factor  of  safety  so  that  the  building  will  remain 
operational  for  emergency  services  when  subjected  to  the  level  of  ground  shaking 
anticipated  by  the  code.   The  function  of  these  buildings  may  still  be  impeded  by 
structural  or  nonstructural  damage,  loss  of  utilities,  or  communications. 
Adherence  to  UBC  guidelines  does  not  guarantee  the  functioning  of  an  essential 
facility  following  a  large  damaging  earthquake,  but  it  will  increase  the  probability 
that  the  facility  will  remain  operational.   Emergency  power,  functioning  of 
communications  systems,  and  the  ability  to  get  vehicles  from  structures  are  of 
primary  importance. 

Nineteen  fire  stations  are  in  the  MMI  IX  shaking  zone.   The  main  downtown  San 
Bernardino  station  is  also  in  an  area  of  high  liquefaction  potential.   This  station 
was  built  in  1982  and  is  one-story  reinforced  brick  construction.   The  City  of  San 
Bernardino  has  11  stations,  including  some  built  before  1976  and  some  wood- 
framed  structures.   The  City  of  Riverside  also  has  1 1  stations  of  varying  ages. 
The  main  downtown  station  is  one  of  the  oldest  in  the  region. 
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Map  F-S  shows  the  locations  of  51  selected  fire  stations  in  the  planning  area, 
distributed  as  indicated  in  Table  F-1. 


TABLE  F-1 


FIRE  STATIONS  IN  THE  PLANNING  AREA 


Number  of 

Distance  From 

MM 

Stations 

Fault  -  miles 

Intensity* 

8 

0-  1 

IX 

4 

1  -  2 

IX 

7 

2-3 

IX 

9 

3-  5 

VIII  -  IX 

10 

5  -8 

VIM 

13 

over  8 

VII  -VIII 

TOTAL       51 

Refer  to  Appendix  A 


The  police  stations  generally  are  in  the  central  civic  center  areas  and  are  of 
varying  ages  and  types  of  construction.   The  police  station  in  San  Bernardino  is  in 
an  area  subject  to  liquefaction.    Police  stations  in  San  Bernardino,  Colton,  Rialto, 
Loma  Linda  and  Moreno  are  within  2  miles  (3  km)  of  the  fault.    The  other  cities  in 
the  planning  area  have  either  police  stations  or  county  sheriffs'  stations. 

There  are  numerous  county  sheriffs'  stations  throughout  the  outlying  areas  in  San 
Bernardino  and  Riverside  counties.   These  structures  will  not  be  seriously 
impacted  by  the  scenario  earthquake. 
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Seismic  Considerations 

Fire  and  police  stations  generally  have  performed  very  well  during  recent, 
moderately  damaging  earthquakes  in  California.   Actual  structural  performance 
depends  on  type  and  date  of  construction  as  well  as  ground  shaking  level, 
liquefaction  potential,  and  local  landslide  susceptibility. 

For  each  station,  three  scenarios  should  be  considered  in  planning: 

1 .  Damage  will  render  a  fire  or  police  station  unusable  and  possibly  in  need 
of  emergency  response  itself.    Stations  in  areas  of  moderate  to  high 
liquefaction  potential  will  be  significantly  damaged. 

2.  Although  structural  damage  will  be  insignificant,  nonstructural  damage 
will  render  stations  nonfunctional.    Stations  in  areas  of  moderate  to  high 
liquefaction  potential  and/or  in  areas  of  MMI  VIM  or  IX  shaking  will  not 
respond  immediately  to  local  emergencies  due  to  lack  of  communica- 
tions or  due  to  delays  in  getting  vehicles  from  the  buildings.    Radios  in 
vehicles  will  be  usable,  but  base  stations  and  telephones  will  be 
inoperative. 

3.  The  stations  themselves  will  be  relatively  undamaged,  but  travel 
throughout  the  area  will  be  limited  by  debris,  damaged  roadbeds,  and 
traffic  congestion. 

Planning  Scenario 

For  planning  purposes,  all  fire  and  police  stations  in  areas  of  moderate  to  high 
liquefaction  potential  (in  San  Bernardino)  within  3  miles  (5  km)  of  the  scenario 
earthquake  fault  rupture  are  assumed  to  be  seriously  impaired.  Other  stations 
located  in  areas  of  MMI  VIII  will  have  diminished  response  capabilities.    Damage 
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there  will  not  prevent  response,  but  jammed  doors,  fallen  tiles  or  bricks,  or  lack  of 
communication  with  the  public  will  delay  response  time  from  30  minutes  to 
several  hours.   Other  fire  and  police  stations  will  be  undamaged  and  able  to 
respond  to  calls.    Refer  to  Highways  chapter  for  a  discussion  of  access  problems. 
Police  and  sheriff  reserves  will  provide  an  additional  source  of  emergency  help. 
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ARE  INTENDED  FOR  EMERGENCY  PLANNING 

PURPOSES  ONLY 


THEY  ARE  BASED  UPON  THE  FOLLOWING  HYPOTHETICAL 
CHAIN  OF  EVENTS: 

1.  A  PARTICULAR  EARTHQUAKE  OCCURS 

2.  VARIOUS  LOCALITIES  IN  THE  PLANNING  AREA 
EXPERIENCE  A  SPECIFIC  TYPE  OF  SHAKING  OR  GROUND 
FAILURE 

3.  CERTAIN  CRITICAL  FACILITIES  UNDERGO  DAMAGE  AND 
OTHERS  DO  NOT 

THE  CONCLUSIONS  REGARDING  THE  PERFORMANCE  OF 
FACILITIES  ARE  HYPOTHETICAL  AND  NOT  TO  BE  CONSTRUED 
AS  SITE-SPECIFIC  ENGINEERING  EVALUATIONS.  FOR  THE 
MOST  PART,  DAMAGE  ASSESSMENTS  ARE  STRONGLY 
INFLUENCED  BY  THE  SEISMIC  INTENSITY  DISTRIBUTION  MAP 
DEVELOPED  FOR  THIS  PARTICULAR  SCENARIO  EARTHQUAKE. 
THERE  IS  DISAGREEMENT  AMONG  INVESTIGATORS  AS  TO 
THE  MOST  REALISTIC  MODEL  FOR  PREDICTING  SEISMIC 
INTENSITY  DISTRIBUTION.  NONE  HAVE  BEEN  FULLY  TESTED 
AND  EACH  WOULD  YIELD  A  DIFFERENT  EARTHQUAKE 
PLANNING  SCENARIO.  FACILITIES  THAT  ARE  PARTICULARLY 
SENSITIVE  TO  EMERGENCY  RESPONSE  WILL  REQUIRE  A 
DETAILED  GEOTECHNICAL  STUDY. 

THE  DAMAGE  ASSESSMENTS  ARE  BASED  UPON  THIS  SPECIFIC 
SCENARIO.  AN  EARTHQUAKE  OF  SIGNIFICANTLY  DIFFERENT 
MAGNITUDE  ON  THIS  OR  ANY  ONE  OF  MANY  OTHER  FAULTS 
IN  THE  PLANNING  AREA  WILL  RESULT  IN  A  MARKEDLY 
DIFFERENT  PATTERN  OF  DAMAGE. 
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HOSPITALS 

General  Characteristics 

The  concerns  addressed  in  earthquake  planning  scenarios  mostly  relate  to  the 
earthquake  vulnerability  of  major  transportation  and  utility  lifelines.    Nevertheless, 
emergency  response  planners  must  give  highest  priority  to  saving  lives.    Hospital 
facilities  are  obviously  vital  in  this  regard.    Staff,  medical  resources,  blood  banks, 
and  ambulance  services  must  be  available. 

A  general  acute  care  hospital  is  defined  here  as  an  institution  having  an 
emergency  room  and  facilities  for  intensive  care  and  surgery.   This  study  is 
limited  to  the  31  acute  care  hospitals  with  a  total  of  7,465  beds,  listed  in  Table 
H-1  and  located  on  Map  Ho  in  the  counties  of  San  Bernardino,  Riverside  and  Los 
Angeles.    The  problems  faced  by  other  hospitals  are  similar  to  those  of  the  acute 
care  facilities.    For  a  complete  inventory  of  all  types  of  medical  facilities  located 
throughout  California,  refer  to  "Health  Facilities,  Directory,  July  1985,  by  the 
California  Department  of  Health  Services,  Licensing  and  Certification  Division." 
The  hospitals  in  San  Bernardino  and  Riverside  counties  which  are  listed  in  Table 
H-1  were  visited. 

Seismic  Considerations 

California's  Hospital  Act  of  1972  made  damage  control  mandatory  when  the 
State  pre-empted  new  hospital  construction  from  local  control.   The  intent  of  the 
legislation  does  not  state  that  hospitals  must  remain  "undamaged,"  but  that  they 
must  remain  "functional"  in  order  to  perform  all  necessary  services. 
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TABLE  H-1 


ACUTE  CARE  HOSPITALS  IN  THE  PLANNING  AREA* 


MM 

No.  of 

Dist.  to 

Name  -  Location 

County 

Intensity** 

Beds 

Rupture,  km 

Chino  Community  Hospital 

S.B. 

VII 

118 

29.0 

Kaiser  Foundation  Hospital,  Fontana 

S.B. 

VIII  + 

459 

9.6 

Loma  Linda  Community  Hospital 

S.B. 

IX 

120 

1.6 

Loma  Linda  University  Medical  Center 

S.B. 

IX 

544 

1.7 

Doctors  Hospital  of  Montclair 

S.B. 

VIII- 

102 

25.6 

Ontario  Community  Hospital 

S.B. 

VIII- 

99 

22.7 

Pettis  Memorial  VA  Hospital 

S.B. 

IX 

548 

2.0 

Redlands  Community  Hospital 

S.B. 

IX 

195 

3.6 

San  Antonio  Community  Hospital 

S.B. 

VIII- 

312 

20.2 

San  Bernardino  Community  Hospital 

S.B. 

IX 

322 

2.5 

San  Bernardino  County  Medical  Center 

S.B. 

IX 

286 

5.8 

St.  Bernadine  Medical  Center 

S.B. 

IX 

311 

5.7 

Christian  Hospital  Medical  Center 

Riv. 

VIII- 

36 

15.5 

Circle  City  Hospital 

Riv. 

VII 

99 

33.0 

Corona  Community  Hospital 

Riv. 

VII 

148 

33.0 

Hemet  Valley  Hospital  District 

Riv. 

VIII- 

345 

19.6 

Inland  Valley  Regional  Medical  Center 

Riv. 

VII 

80 

36.9 

Kaiser  Foundation  Hospital,  Riverside 

Riv. 

VIII- 

215 

23.5 

Menifee  Valley  Medical  Center 

Riv. 

VII 

84 

20.3 

Mission  Valley  Medical  Center 

Riv. 

VII 

62 

36.0 

Moreno  Valley  Community  Hospital 

Riv. 

VIII  + 

95 

7.0 

Parkview  Community  Hospital 

Riv. 

VIII- 

193 

20.0 

Riverside  Community  Hospital  Medical  Center 

Riv. 

VIII  + 

375 

12.4 

Riverside  General  Hospital,  University  Medical  Center 

Riv. 

VIII- 

358 

21.8 

San  Gorgonio  Pass  Memorial  Hospital 

Riv. 

VIII- 

68 

13.3 

AMI  Glendora  Community  Hospital 

LA. 

VII 

165 

36.0 

Foothill  Presbyterian  Hospital-Johnson  Memorial 

L.A. 

VII 

132 

36.8 

Lanterman  State  Hospital 

L.A. 

VII 

1,078 

35.6 

Pomona  Valley  Hospital  Medical  Center 

L.A. 

VII 

399 

28.8 

San  Dimas  Community  Hospital 

L.A. 

VII 

99 

34.4 

Valley  Hospital,  Pomona 

L.A.        | 

VII 

18 

29.4 

TOTAL  BEDS 

7,465 

Locations  shown  on  Map  Ho. 
Refer  to  Appendix  A 
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There  are  31  acute  care  hospitals  in  the  zone  of  potentially  damaging  ground 
shaking  within  25  miles  (40  km)  of  the  fault  zone.    Although  eight  of  these  are 
within  5  miles  (8  km)  of  the  fault  zone,  none  are  in  the  Alquist-Priolo  Special 
Studies  Zone. 

Four  major  hospital  buildings  were  severely  damaged  and  mostly  evacuated  in  the 
1971  San  Fernando  earthquake  (M6.4).    In  the  scenario  earthquake,  hospital 
facilities  constructed  before  the  passage  of  the  Hospital  Act  will  be  damaged.   As 
in  1971,  a  major  hospital  may  become  an  added  burden  rather  than  an  asset  in 
the  post  earthquake  period. 

A  statewide  survey  of  general  acute  care  hospitals  was  completed  in  1991  by  the 
Applied  Technology  Council  (ATC)  with  funds  provided  by  the  Office  of  Statewide 
Health  Planning  and  Development.   This  study  encompassed  the  review  and 
investigation  of  building  structures  for  490  hospitals  statewide.    Specific  buildings 
and  hospitals  are  not  identified  in  the  published  report  but  are  summarized  by 
county.    Page  26  of  ATC  23A  gives  a  summary  of  building  types  for  Region  6 
which  encompasses  San  Bernardino  and  Riverside  counties.   This  shows  2,054 
beds  housed  in  pre-1973  buildings  out  of  a  total  of  12,275  (17  percent).    Pre- 
1973  buildings  were  built  before  the  Hospital  Act,  and  are  considered  the  most 
likely  to  be  disabled  by  a  severe  earthquake. 

Another  important  consideration  in  the  vulnerability  assessment  of  hospitals  is 
access.    Even  though  a  facility  may  survive,  it  will  be  of  limited  value  if  access  is 
cut  off  or  restricted  due  to  ground  failure,  a  collapsed  freeway  structure,  or 
building  debris  on  nearby  streets. 

Hospitals  also  depend  on  off-site  public  utilities  for  long-term  continuous 
operations.   Though  hospitals  maintain  emergency  electric  generators,  these 
systems  can  only  meet  limited  demands  for  a  limited  period.    Routine  scheduled 
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maintenance  and  testing  of  all  emergency  equipment  is  essential  to  ensure  that 
the  equipment  will  be  operational  when  needed. 

Modern  hospitals  contain  a  variety  of  complex  electronic  monitoring  and  test 
equipment  and  laboratory  supplies.   These  items  commonly  rest  on  tables  or 
racks  and  are  highly  vulnerable  to  damage  by  strong  shaking.    Consequently, 
even  though  a  hospital  building  may  escape  structural  damage,  its  effectiveness 
will  be  greatly  reduced  by  damage  of  equipment  and  supplies. 

Planning  Considerations 

Locations  of  general  acute  care  hospitals  within  the  planning  area  are  shown  on 
Map  Ho.   Table  H-1  lists  acute  care  hospitals  in  the  planning  area  by  county 
showing  the  intensity  of  the  shaking  expected  at  each  site,  the  number  of  beds, 
and  distance  to  the  fault.    In  this  particular  scenario,  shaking  is  by  far  the  most 
important  factor,  with  none  of  the  31  hospitals  being  in  areas  of  potential  ground 
failure.    Hospitals  in  the  less  vulnerable  areas  will  have  to  handle  the  increased 
patient  load  resulting  from  the  earthquake. 

An  effective  way  of  examining  the  potential  loss  of  facilities  is  to  estimate  the 
loss  of  hospital  beds  rather  than  to  consider  only  potential  building  damage. 
Slight  building  damage  and  evacuation  for  psychological  or  liability  reasons  results 
in  loss  of  hospital  beds  just  as  effectively  as  severe  structural  damage  or  loss  of 
utility  services. 

Planners  should  review  operational  capabilities  of  hospital  facilities  from  at  least 
these  viewpoints: 

1 .  Loss  of  life  and  injuries  to  staff  and  patients. 

2.  Building  damage. 

3.  Loss  of  medical  supplies  and  equipment. 
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4.  Loss  of  hospital  function  due  to  disrupted  utility  services  or  access 
problems. 

5.  Evacuation  of  hospitals  due  to  loss  of  confidence  by  staff  or  the  public 
for  whatever  reasons. 

Planning  Scenario 

Most  hospital  facilities  and  additions  built  since  the  Hospital  Act  of  1972  will 
remain  functional.    For  planning  purposes,  exceptions  will  occur  in  those  areas 
where  loss  of  electric  power,  water  or  natural  gas  is  expected.    Refer  to  Electric 
Power,  Water  Supply  and  Natural  Gas  chapters. 

Table  H-2  summarizes  the  projected  bed  losses  in  the  planning  area.    For  planning 
purposes  it  is  estimated  that  2,122  beds  will  be  unavailable  out  of  a  total  of 
7,465  in  the  31  acute  care  hospitals.   This  will  not  be  due  entirely  to  hospital 
damage,  but  will  include  the  effects  of  other  lifelines,  including  highway  access  to 
the  hospitals,  and  water  and  power  facilities.    Structural  damage  to  post-1973 
facilities  will  be  limited  to  the  MMI  IX  zone  (Jephcott,  1992).    Because  the 
identity  of  post-1973  facilities  was  not  known,  we  derived  general  bed  losses  for 
all  facilities  in  the  planning  area. 
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TABLE  H-2 
SUMMARY  OF  ESTIMATED  BED  LOSSES 


MM 

No.  Of 

Total  No. 

Estimated 

Estimated 

Intensity* 

Hospitals 

of  Beds 

%  Loss 

Bed  Loss 

IX 

7 

2,326 

50 

1,163 

VIII  + 

3 

929 

30 

279 

VIII- 

9 

1,728 

25 

432 

VII 

12 

2,482 

10 

248 

TOTAL  FOR   PLANNING  AREA 

31 

7,465 

28 

2,122 

Refer  to  Appendix  A 


Near  the  fault,  where  shaking  intensities  of  MMI  IX  are  predicted,  we  assume  that 
50  percent  of  the  beds  will  be  unavailable.    In  the  area  with  predicted  shaking  of 
MMI  VIII +  ,  bed  losses  are  estimated  at  30  percent.    In  the  area  with  predicted 
shaking  of  MMI  VIII-,  bed  losses  are  estimated  at  25  percent.    In  the  area  with 
predicted  shaking  of  MMI  VII,  bed  losses  are  estimated  at  10  percent. 

The  adjacent  metropolitan  Los  Angeles  area  has  numerous  large  acute  care 
facilities.   They  are  within  50  miles  (80  km)  of  the  planning  area  and  will  be  an 
important  resource  in  the  scenario  earthquake. 
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TRANSPORTATION  LIFELINES 


SCENARIO  MAPS  AND  DAMAGE  ASSESSMENTS 

ARE  INTENDED  FOR  EMERGENCY  PLANNING 

PURPOSES  ONLY 


THEY  ARE  BASED  UPON  THE  FOLLOWING  HYPOTHETICAL 
CHAIN  OF  EVENTS: 

1.  A  PARTICULAR  EARTHQUAKE  OCCURS 

2.  VARIOUS  LOCALITIES  IN  THE  PLANNING  AREA 
EXPERIENCE  A  SPECIFIC  TYPE  OF  SHAKING  OR  GROUND 
FAILURE 

3.  CERTAIN  CRITICAL  FACILITIES  UNDERGO  DAMAGE  AND 
OTHERS  DO  NOT 

THE  CONCLUSIONS  REGARDING  THE  PERFORMANCE  OF 
FACILITIES  ARE  HYPOTHETICAL  AND  NOT  TO  BE  CONSTRUED 
AS  SITE-SPECIFIC  ENGINEERING  EVALUATIONS.  FOR  THE 
MOST  PART,  DAMAGE  ASSESSMENTS  ARE  STRONGLY 
INFLUENCED  BY  THE  SEISMIC  INTENSITY  DISTRIBUTION  MAP 
DEVELOPED  FOR  THIS  PARTICULAR  SCENARIO  EARTHQUAKE. 
THERE  IS  DISAGREEMENT  AMONG  INVESTIGATORS  AS  TO 
THE  MOST  REALISTIC  MODEL  FOR  PREDICTING  SEISMIC 
INTENSITY  DISTRIBUTION.  NONE  HAVE  BEEN  FULLY  TESTED 
AND  EACH  WOULD  YIELD  A  DIFFERENT  EARTHQUAKE 
PLANNING  SCENARIO.  FACILITIES  THAT  ARE  PARTICULARLY 
SENSITIVE  TO  EMERGENCY  RESPONSE  WILL  REQUIRE  A 
DETAILED  GEOTECHNICAL  STUDY. 

THE  DAMAGE  ASSESSMENTS  ARE  BASED  UPON  THIS  SPECIFIC 
SCENARIO.  AN  EARTHQUAKE  OF  SIGNIFICANTLY  DIFFERENT 
MAGNITUDE  ON  THIS  OR  ANY  ONE  OF  MANY  OTHER  FAULTS 
IN  THE  PLANNING  AREA  WILL  RESULT  IN  A  MARKEDLY 
DIFFERENT  PATTERN  OF  DAMAGE. 
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HIGHWAYS 

General  Characteristics 

The  highway  system  ranks  highly  among  the  most  critical  and  most  conspicuous 
lifelines.    The  California  Department  of  Transportation  (Caltrans)  contributed 
greatly  to  the  assessments  used  in  the  preparation  of  earthquake  planning 
scenarios.   With  its  headquarters  in  Sacramento,  Caltrans  operates  out  of  12 
District  Offices  and  over  300  maintenance  stations  throughout  the  state. 
Riverside  and  San  Bernardino  counties,  in  which  this  segment  of  the  San  Jacinto 
fault  is  located,  are  in  Caltrans  District  8,  with  headquarters  in  San  Bernardino. 
The  planning  area  has  about  480  miles  (772  km)  of  state  highway  containing  ap- 
proximately 800  bridges. 

The  major  corridors  are: 

*  East-West: 

Routes  10,  18,  30,  38,  60,  66,  74,  91,  138,  142,  173,  210 

*  North-South: 

Routes  15,  57,  71,  79,  83,  206,  215,  259,  330 

Routes  10,  15,  30,  60,  66,  and  215  cross  the  postulated  San  Jacinto  fault 
break  and  will  experience  MMI  of  IX  or  greater.    A  Federal  Highway  study 
(U.S.  Department  of  Transportation,  1982)  considers  MMI  VIII  to  be  the 
critical  threshold  for  significant  damage  to  highways.    As  a  result  of  the  1971 
San  Fernando  earthquake  (M6.4),  Caltrans  implemented  design  criteria  and 
details  for  bridges  which  resulted  in  significantly  improved  seismic  resistance. 
Since  1989,  a  column  retrofit  program  has  been  concentrating  on  improving 
the  seismic  resistance  of  structures  designed  before  1980. 
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A  detailed  review  of  the  as-built  plans  of  all  state  bridges  is  currently  underway. 
The  Caltrans  initial  retrofit  program  involving  the  application  of  hinge  restrainers 
has  been  completed.    The  ongoing  retrofit  program  involving  the  reinforcement  of 
single  and  multiple  column  structures  has  been  accelerated  as  a  result  of  the 
1989  Loma  Prieta  earthquake  (M7).    Although  retrofitting  is  no  guarantee  against 
collapse  under  the  most  intense  shaking,  it  does  improve  the  chances  of 
sustaining  only  repairable  damage.    Examples  of  repairable  damage  include  the 
tipping  of  short  rocker  bearings  which  are  used  as  expansion  devices  in  older 
structures,  minor  cracking  of  piers  and  columns,  and  slight  drops  of  bridge  decks, 
which  can  be  built  up  with  an  asphalt  cold  patch.    In  many  cases  temporary 
measures  and  reduced  speed  limits  allow  damaged  highways  to  be  used  for 
emergency  response.   If  it  is  not  near  collapse,  a  bridge  can  be  heavily  damaged 
and  still  used  to  carry  limited  traffic  for  emergencies. 

It  is  inevitable  that  a  M7  event  having  up  to  6  feet  (2  m)  of  surface  fault  rupture 
will  damage  roadways  crossing  the  fault.    Similarly,  areas  of  potential  liquefaction 
near  the  fault  are  sure  to  impact  roadways.   The  amount  of  movement  due  to 
ground  failure  is  extremely  erratic  and  difficult  to  predict.    Most  failures  to  the 
highway  system  will  involve  blockage  by  rockfalls,  the  settlement  of  high  fills, 
and  the  slumping  of  soils  near  streams  and  other  water  bodies.   The  effects  of 
the  1989  Loma  Prieta  earthquake  (M7)  on  the  Highway  system  is  described  in 
EERI  (1990)  and  in  Housner  and  others  (1990).    The  effects  of  the  1992  Landers- 
Big  Bear  earthquakes  (M7.5  and  M6.6  respectively)  are  summarized  in  Appendix 
B  of  this  report. 

In  this  scenario  the  general  characteristics  of  the  structures  were  evaluated  in 
light  of  historic  failure  mechanisms.    The  bridge  type,  age,  length  and  nearness  to 
the  fault  were  considered.   Bridges  that  merely  separate  routes  from  city  streets 
can  be  bypassed  via  the  off  and  on  ramps.    Although  this  causes  restricted  traffic 
flow,  it  does  not  result  in  closure.    It  will  substantially  slow  emergency  vehicles  if 
the  ramps  are  narrow  and  will  not  allow  passing.    Severe  damage  to  bridges 
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crossing  bodies  of  water  or  railroad  tracks  will  close  some  routes  that  have  no 
alternate  crossings.    In  rare  instances  major  damage  will  occur  many  miles  from 
the  fault  when  soil  and  structure  period  are  synchronous.    But,  as  mentioned,  this 
scenario  only  deals  with  bridges  in  areas  with  predicted  MMI  VIM  or  greater. 

Planning  Considerations 

Planners  need  to  identify  major  emergency  corridors  that  will  have  the  least 
amount  of  damage  in  the  earthquake.   The  best  emergency  routes  are  wide,  at 
grade,  on  good  ground,  and  free  of  obstructions.   These  routes  should  avoid 
adjacent  tall  buildings  and  power  lines  that  will  be  heavily  damaged.    Utilities  and 
local  government  agencies  need  to  identify  installations  and  facilities  they  will 
need  to  inspect,  repair,  operate,  or  access  in  the  emergency.    Emergency  planners 
then  need  to  examine  available  routes  to  critical  facilities,  assess  the  potential  for 
damage,  and  identify  the  most  probable  access  route.    Critical  facilities  include 
communication  centers,  hospitals,  airports,  heliports,  staging  areas,  fuel  storage 
sites,  and  other  locations  essential  to  emergency  response  operations.    Highway 
emergency  response  plans  need  to  be  coordinated  with  those  developed  for  air 
and  rail.    Access  to  and  travel  through  stricken  areas  will  be  difficult  and  will  be 
limited  to  the  highest  emergency  priorities. 
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Photo  6. 


San  Jacinto  fault  zone,  through  south  San  Bernardino  and  Colton;  view  northward. 
The  San  Jacinto  fault  bisects  the  campus  of  San  Bernardino  Valley  College  (SBVC), 
and  passes  through  the  northeast  quadrant  of  the  Interstate  10  and  215  interchange 
(lower  right).  Photo  by  Gordon  Davis,  Aerial  Enterprises,  San  Bernardino  (from  Fife 
and  others,  1976). 
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Damage  Assessments 

Major  routes  crossing  the  fault  will  be  closed  due  to  damage  caused  by  shaking  or 
ground  failure.    Routes  30  and  66  will  be  closed  for  48  hours;  Route  15  will  be 
closed  for  more  than  72  hours.   The  10/215  interchange,  built  across  both  the 
fault  and  the  Santa  Ana  River,  will  sustain  major  damage  that  will  close  traffic  in 
all  directions  for  well  in  excess  of  72  hours.    Heavy  damage  also  will  occur  in  the 
vicinity  of  the  Route  30/215  interchange.    Emergency  access  to  the  heavily 
damaged  parts  of  downtown  San  Bernardino  will  be  severely  limited.    From  the 
west,  only  city  streets  will  be  usable  during  the  first  48  hours.    From  the  north, 
Cajon  Pass  will  be  closed  for  48  hours.    From  the  south,  traffic  on  Route  10  will 
reach  Redlands  before  encountering  freeway  detours. 

The  Santa  Ana  River  will  be  a  major  barrier  to  north-south  traffic  in  the  planning 
area.    River  crossings  along  Route  215  will  be  closed  for  72  hours,  Route  15  for 
48  hours,  and  Route  60  for  36  hours.    Detours  crossing  the  river  along  Routes  71 
and  91  near  Corona  will  be  of  limited  use.    If  the  river  is  low  at  the  time  of  the 
quake,  alternate  river  crossings  may  be  developed  within  the  first  12  hours.   The 
Mt.  Baldy  Ski  Resort  will  be  isolated  for  48  hours  due  to  extensive  rockfall  along 
its  primary  access  road.   Traffic  in  the  southwestern  part  of  the  planning  area  will 
be  relatively  unimpeded. 

For  emergency  planning  purposes,  this  scenario  mainly  addresses  the  initial  3  day 
response  period.   After  3  days,  repairs  and  response  will  be  dictated  by  the  real 
post-earthquake  situation.   The  out  of  service  times  indicated  below  assume  that 
equipment,  repair  materials,  access  to  the  damage  site,  and  response  personnel 
are  available.    If  they  are  not  available  for  each  lifeline,  then  priorities  must  be  set, 
and  certain  lifeline  elements  will  be  out  of  service  for  longer  periods. 
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Note:    Highways  are  listed  in  order  of  route  number,  starting  with  Route  10. 

MAP  NO.         HIGHWAYS 

Hi1  Route  10  (10/15  interchange) 

Closed,  with  partial  opening  after  36  hours. 

There  will  be  major  bridge  damage  between  Milliken  Avenue  and  the 

10/15  interchange. 

Hi2  Route  10  (from  Route  15  to  Route  215) 

Limited  use. 

Moderate  bridge  damage.   This  portion  of  Route  10  will  remain  open 
with  limited  flow  to  within  0.6  mile  (1  km)  of  the  10/215 
interchange. 

Hi3  Route  10  (10/215  interchange) 

Closed  well  in  excess  of  72  hours. 

This  interchange  will  suffer  the  most  extensive  damage  of  those  in 
the  planning  area.    It  lies  astride  the  San  Jacinto  fault  and  the  Santa 
Ana  River,  and  is  founded  in  materials  having  high  potential  for 
liquefaction.    It  is  also  the  object  of  much  study  concerning 
mitigation.    For  a  M8.3  earthquake  on  the  San  Andreas  fault  Davis 
and  others  (1982a,  p.  42)  wrote:  "Closed  [for  over  72  hours]  from 
Cedar  Avenue  to  at  least  2  miles  (3  km)  east  of  Interstate  215. 
Major  damage  to  the  interchange  resulting  from  ground  failure  and 
intense  shaking  along  the  Santa  Ana  River  channel." 

In  a  recent  liquefaction  study  of  the  foundation  materials,  Jackura 
and  others  (1991,  p.  24)  concluded  that  "a  good  portion  of  the 
materials  fell  within  liquefiable  ranges"  and  that  under  present  water 
conditions  liquefaction  could  occur.   They  recommended  several 
mitigation  measures. 
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A  recent  engineering  geology  report  included  a  review  of  trenching 
in  the  Special  Studies  Zone  near  the  interchange  (Caltrans,  1991, 
p.  8).    Caltrans  dug  an  additional  five  trenches  that  "exposed  young 
(historic)  sediments  undisturbed  by  faulting"  and  found  a  water 
barrier  just  east  of  the  interchange.   The  water  table  there  was  at  an 
elevation  of  968.9  feet  northeast  of  the  fault  and  at  934.3  feet 
southwest  of  it.    This  is  a  difference  of  34.6  feet  over  a  400  foot 
distance  across  the  fault.    They  recommended  that  either  the 
structures  in  the  high  risk  zone  undergo  structural  retrofit,  be 
relocated,  or  be  replaced  by  new,  lower  spans  in  the  same  locations. 
Some  of  these  structures  are  being  retrofitted  by  Caltrans. 

We  conclude  that  there  will  be  heavy  damage  to  the  bridges 
crossing  the  fault  break  in  this  vicinity.    Route  10  will  be  unusable 
for  2  miles  (3  km)  west  and  4  miles  (6  km)  east  of  the  interchange. 
Although  traffic  will  be  rerouted,  the  flow  will  be  severely  limited 
with  delays  even  for  emergency  vehicles. 

Hi4  Route  10  (from  215  to  30) 

Closed  for  36  hours. 
Moderate  bridge  damage. 

Hi5  Route  10  (10/30  interchange) 

Closed  for  36  hours. 
Moderate  bridge  damage. 

Hi6  Route  10  (for  5  miles  E.  of  Route  30  interchange) 

Limited  use. 

East  of  Route  10  will  be  able  to  carry  only  limited  flow  for  3  miles 
(5  km)  east  of  the  10/30  interchange  due  to  minor  bridge  damage. 
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Damage  will  limit  traffic  to  light  vehicles  (no  trucks).    Within  48 
hours,  most  of  the  structures  can  be  strengthened  to  permit  limited 
truck  traffic.    Detours  will  be  needed  in  Redlands. 

Hi7  Route  10  (10/60  interchange) 

Limited  use. 

Bridges  will  experience  minor  damage.   Traffic  through  this  section 
will  be  limited  but  no  closures  are  expected. 

Hi8  Route  15  (Cajon,  N.  of  Cleghorn  Creek) 

Closed,  with  partial  opening  after  48  hours. 
Extensive  rockfalls  in  this  area  will  block  the  freeway. 

Hi9  Route  15  (15/215  interchange) 

Closed  for  48  hours. 

Liquefaction  will  cause  moderate  pavement  damage  to  the 
approaches.   This  will  close  Route  215  for  24  hours,  while  the 
damage  to  structures  and  fill  settlement  due  to  severe  liquefaction 
at  the  abutments  near  Cajon  Creek  will  close  Route  15  for  48  hours. 
Local  detours  should  be  available  for  emergency  vehicles. 

Hi10  Route  15  (San  Jacinto  Fault/Lytle  Creek) 

Closed  more  than  72  hours. 
Liquefaction  and  heavy  structural  damage  near  the  fault  break. 

Hi11  Route  15  (15/66  interchange) 

Open. 

Minor  structural  damage  to  bridges  near  the  junction,  but  there  will 
be  no  closures. 
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Hi12  Route  15  (Santa  Ana  River  crossing) 

Closed  for  48  hours. 

Major  liquefaction  damage  and  fill  settlements  will  close  those 
structures  crossing  and  surrounding  the  river. 

Hi13  Route  15  (15/91  junction) 

Limited  use. 

Minor  liquefaction  damage  and  fill  settlement,  but  no  structural 
damage.    Repairs  can  be  made  almost  immediately. 

Hi14  Route  15  (15/79  junction) 

Limited  use. 

Minor  liquefaction  damage  and  fill  settlement,  but  no  structural 
damage.    Repairs  can  be  made  almost  immediately. 

Hi15  Route  18  (Waterman  Canyon) 

Limited  use. 

Minor  liquefaction  damage  and  fill  settlement,  but  no  structural 
damage.    Repairs  can  be  made  within  36  hours. 

Hi16  Route  18  (Waterman  Canyon) 

Closed,  with  partial  opening  after  24  hours. 

Very  steep  and  high  slopes  underlain  by  broken-up  rock  and  covered 
with  loose  boulders.    Major  damaging  rockfalls  could  occur  during 
an  earthquake  (Barrows  and  Tan,  1990;  Barrows,  1991). 

Hi17  Route  18  (Crestline) 

Closed,  with  partial  opening  after  36  hours. 

Very  steep  and  high  slopes  underlain  by  broken-up  rock  and  covered 
with  loose  boulders.    Major  damaging  rockfalls  could  occur  during 
an  earthquake  (Barrows  and  Tan,  1990).    For  a  M8.3  earthquake  on 
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the  San  Andreas  fault  Davis  and  others  (1982,  p.  49)  wrote: 
"closed  temporarily  [less  than  12  hours]  for  removal  of  minor  slides 
and  rockfalls.    Route  provides  an  alternate  to  damaged  and 
obstructed  Interstate  15  between  San  Bernardino  and  the  high 
desert." 

Hi18  Route  30  (San  Jacinto  fault  crossing) 

Closed  for  48  hours. 

Moderate  bridge  damage  with  inspection  and  repair  required. 
Approach  pavement  damage  and  fill  settlements  due  to  liquefaction 
will  require  detours. 

Hi19  Route  30  (30/259  interchange) 

Closed  for  48  hours. 
Bridge  damage  with  inspection  and  repair  required. 

Hi20  Route  38  (Mill  Creek) 

Limited  use. 

Minor  bridge  damage  with  minor  delays  for  24  hours.    Rockfalls  will 
close  Route  38  in  the  mountains  northeast  of  the  planning  area  near 
Big  Bear  Lake,  as  occurred  in  the  1992  Landers-Big  Bear 
earthquakes  (EERI,  1991). 

Hi21  Route  57  (W.  of  Pomona) 

Open. 

Hi22  Route  60  (15/60  interchange) 

Limited  use. 

Moderate  structural  damage  will  occur  along  the  2  mile  (3  km) 
stretch  east  of  the  interchange. 
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Hi23  Route  60  (Santa  Ana  River  crossing) 

Closed  for  36  hours. 

Liquefaction  will  produce  moderate  damage  to  bridges  crossing  the 
river. 

Hi24  Route  60  (60/215) 

Limited  use. 
Moderate  structural  damage  will  occur  near  Orange  Street. 

Hi25  Route  60  (San  Jacinto  fault  crossing) 

Closed  for  36  hours. 

Faulting  between  Nasan  Street  and  Theodore  Street  will  produce 
damage  requiring  local  detours.   The  bridges  near  the  fault  will  be 
damaged  and  traffic  will  be  rerouted  to  the  off/on  ramps. 
Emergency  vehicles  will  be  delayed  due  to  the  diversions. 

Hi26  Route  60  (The  Badlands) 

Closed  more  than  72  hours. 

MMI  shaking  of  IX  will  produce  soil  slides  that  will  close  this  road. 
The  freeway  is  constructed  through  two  large  complexes  of 
landslides.   The  road  cuts  graded  in  the  landslide  debris  presently 
show  small  active  slope  failures.    However,  large  damaging  failures 
could  occur  during  a  major  earthquake  (particularly  in  the  wet 
season),  causing  major  damage  to  the  freeway  and  severe  traffic 
congestion  (Barrows  and  Tan,  1990). 

Hi27  Route  66  (San  Jacinto  fault  crossing) 

Closed  for  48  hours. 

Most  of  the  roadway  damage  at  this  fault  crossing  will  be 
repairable.    Moderate  structural  damage  combined  with  soil  failures 
due  to  liquefaction  will  be  confined  to  the  portion  between  the  fault 
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and  the  66/215  interchange.    Minor  diversions  will  be  required  near 
the  fault.    Most  of  the  structures  along  this  segment  of  Route  66 
are  resistant  to  seismic  motion.    It  is  a  good  alternate  route. 

Hi28  Route  71  (near  Chino) 

Open. 

For  a  M8.3  earthquake  on  the  San  Andreas  fault  Davis  and  others 
(1982a,  p.  43)  wrote:  "Closed  [for  over  72  hours]  from  junction 
with  Route  142  to  2  miles  (3  km)  south  of  Route  142  by  damage  to 
the  roadway  in  this  area  of  high  ground  water  and  intense  shaking. 
Alternate  routes  available."   Shaking  from  the  scenario  event  will  be 
MMI  VII,  and  recent  mapping  shows  the  area  of  high  liquefaction 
potential  to  be  smaller  than  it  was  in  1982.    Thus,  Route  71  will 
remain  open. 

Hi29  Route  74  (74/215  intersection  in  Perris  Valley) 

Limited  use. 

Minor  structural  damage  will  limit  traffic  flow  for  24  hours  but 
closure  will  be  unnecessary. 

Hi30  Route  79  (Potrero  Creek,  The  Badlands) 

Closed  for  36  hours. 
MMI  shaking  of  VIII  +  will  produce  soil  slides  near  Potrero  Creek. 

Hi31  Route  79  (Santa  Gertrudis  Creek  near  junction  with  Highway  15) 

Limited  use. 

Minor  liquefaction  in  this  area  of  MMI  shaking  of  VII  will  produce 
settlements,  but  no  detours  will  be  necessary. 
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Hi32  Route  83  (Chino  Creek) 

Limited  use. 

Minor  liquefaction  in  this  area  of  MMI  shaking  of  VII  will  produce 
settlements,  but  no  detours  will  be  necessary. 

Hi33  Route  91  (near  Corona) 

Limited  use. 

Moderate  structural  damage  within  3  miles  (5  km)  of  the  15/91 
junction. 

Hi34  Route  91  (in  Riverside) 

Limited  use. 

Moderate  structural  damage  between  Arlington  Avenue  and  14th 
Street. 

Hi35  Route  138  (near  Silverwood  Lake) 

Closed,  with  partial  opening  after  24  hours. 

Minor  bridge  damage  8  miles  (13  km)  north  of  the  junction  with 

Route  18.    Detours  will  be  unavailable.    Rockfall  cleanup  can  be 

completed  within  12  hours  (Barrows  and  Tan,  1990).    For  a  M8.3 

earthquake  on  the  San  Andreas  fault  Davis  and  others  (1982a, 

p.  49)  wrote:  "closed  temporarily  [<12  hours]  for  removal  of  minor 

slides  and  rockfalls.    Route  provides  an  alternate  to  damaged  and 

obstructed  Interstate  15  between  San  Bernardino  and  the  high 

desert." 

Hi36  Route  142  (near  Chino) 

Open. 

Hi37  Route  173  (near  Silverwood  Lake) 

Open. 
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Hi38  Route  206  (near  Muscoy) 

Open. 

This  route  will  be  used  as  a  parallel  alternate  for  part  of  Route  215. 
All  the  bridges  along  Route  206  are  seismically  resistant  and  this 
route  will  remain  open  during  the  emergency. 

Hi39  Route  210  (N.  of  Pomona) 

Limited  use. 

Minor  bridge  damage  at  the  30/210  interchange,  but  there  will  be 
limited  effect  on  traffic. 

Hi40  Route  215  (30/215  interchange) 

Closed,  with  partial  opening  after  36  hours. 

Heavy  bridge  damage  with  inspection  and  repair  required.   Approach 
pavement  damage  and  fill  settlements  will  require  detours.    For  a 
M8.3  earthquake  on  the  San  Andreas  fault  Davis  and  others 
(1982a,  p.  43)  wrote:  "Closed  [for  over  72  hours]  from  junction  of 
Interstate  15  and  215  to  Route  60  by  damage  to  overpasses  in  San 
Bernardino  and  damage  to  Interstate  10/215  interchange." 

Hi41  Route  215  (66/215  interchange,  and  approach  from  south) 

Closed,  with  partial  opening  after  36  hours. 
Moderate  bridge  damage  with  inspection  and  repair  required. 

Approach  pavement  damage  and  fill  settlements  due  to  liquefaction 
will  require  detours. 

Hi42  Route  259  (see  also  Hi19) 

Closed  for  48  hours. 
Moderate  bridge  damage  with  inspection  and  repair  required. 
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Hi43  Route  330  (N.  of  Patton) 

Closed  for  24  hours. 

Rockfalls  in  this  area  will  block  the  highway.    Minor  structural 
damage  will  also  limit  traffic.    The  mountainous  part  of  this  highway 
could  be  blocked  by  rockfall  because  it  is  very  steep  and  has  high 
slopes  underlain  by  broken-up  rock  and  covered  with  loose  boulders 
(Barrows  and  Tan,  1990;  Barrows,  1991).    For  a  M8.3  earthquake 
on  the  San  Andreas  fault  Davis  and  others  (1982a,  p.  49)  wrote: 
"closed  temporarily  [less  than  12  hours]  between  Highland  Avenue 
(Route  30)  and  Running  Springs  (Route  18)  for  removal  of  minor 
slides  and  rockfalls." 

Hi44  Mt.  Baldy  Road 

Closed  for  48  hours. 

During  the  1990  Upland  earthquake  (M5.5),  many  rockfalls  blocked 

this  road  (Barrows  and  Tan,  1990;  Barrows,  1991). 
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SCENARIO  MAPS  AND  DAMAGE  ASSESSMENTS 

ARE  INTENDED  FOR  EMERGENCY  PLANNING 

PURPOSES  ONLY 


THEY  ARE  BASED  UPON  THE  FOLLOWING  HYPOTHETICAL 
CHAIN  OF  EVENTS: 

1.  A  PARTICULAR  EARTHQUAKE  OCCURS 

2.  VARIOUS  LOCALITIES  IN  THE  PLANNING  AREA 
EXPERIENCE  A  SPECIFIC  TYPE  OF  SHAKING  OR  GROUND 
FAILURE 

3.  CERTAIN  CRITICAL  FACILITIES  UNDERGO  DAMAGE  AND 
OTHERS  DO  NOT 

THE  CONCLUSIONS  REGARDING  THE  PERFORMANCE  OF 
FACILITIES  ARE  HYPOTHETICAL  AND  NOT  TO  BE  CONSTRUED 
AS  SITE-SPECIFIC  ENGINEERING  EVALUATIONS.  FOR  THE 
MOST  PART,  DAMAGE  ASSESSMENTS  ARE  STRONGLY 
INFLUENCED  BY  THE  SEISMIC  INTENSITY  DISTRIBUTION  MAP 
DEVELOPED  FOR  THIS  PARTICULAR  SCENARIO  EARTHQUAKE. 
THERE  IS  DISAGREEMENT  AMONG  INVESTIGATORS  AS  TO 
THE  MOST  REALISTIC  MODEL  FOR  PREDICTING  SEISMIC 
INTENSITY  DISTRIBUTION.  NONE  HAVE  BEEN  FULLY  TESTED 
AND  EACH  WOULD  YIELD  A  DIFFERENT  EARTHQUAKE 
PLANNING  SCENARIO.  FACILITIES  THAT  ARE  PARTICULARLY 
SENSITIVE  TO  EMERGENCY  RESPONSE  WILL  REQUIRE  A 
DETAILED  GEOTECHNICAL  STUDY. 

THE  DAMAGE  ASSESSMENTS  ARE  BASED  UPON  THIS  SPECIFIC 
SCENARIO.  AN  EARTHQUAKE  OF  SIGNIFICANTLY  DIFFERENT 
MAGNITUDE  ON  THIS  OR  ANY  ONE  OF  MANY  OTHER  FAULTS 
IN  THE  PLANNING  AREA  WILL  RESULT  IN  A  MARKEDLY 
DIFFERENT  PATTERN  OF  DAMAGE. 
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AIRPORTS 

General  Characteristics 

Ontario  International  is  the  only  major  commercial  airport  in  the  San  Bernardino- 
Riverside  planning  area.    Major  military  airports  are  located  at  Norton  Air  Force 
Base  (AFB)  in  San  Bernardino  and  March  Air  Force  Base  in  Riverside  (Map  R-A). 
The  authors  visited  Ontario  International  and  Norton  AFB,  and  met  with 
emergency  preparedness  personnel  at  both  facilities. 

There  are  numerous  small  secondary  airports  that  service  local  communities 
throughout  the  area.    Municipal  airports  in  Chino,  Corona,  Redlands,  Riverside, 
Cable  Airport  in  Claremont,  Miro  Field  in  Rialto,  and  Ryan  Airport  in  Hemet  are 
also  located  on  Map  A-R.    Some  of  these  small  airports  in  the  San  Bernardino- 
Riverside  area  could  play  important  roles  in  post-earthquake  response  and 
recovery  operations  if  additional  personnel  and  equipment  are  made  available. 

Seismic  Considerations 

Airport  operations  can  be  seriously  impacted  by  a  severe  earthquake  in  several 
ways: 

1 .  Damage  to  structures,  control  towers  and  equipment,  off-site  control 
centers,  including  other  non-runway  facilities. 

2.  Ground  access  and  egress  problems  due  to  damage  to  freeway  and 
highway  structures  leading  to  the  airport. 

3.  Damage  to  on-site  utility  lines  and  equipment  serving  the  airport, 
particularly  electric  power,  jet  fuel,  gas,  emergency  power  facilities,  and 
communication  equipment. 

4.  Damage  to  runways  and  taxiways. 
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Damage  to  Structures 

Ample  experience  shows  that  airports  can  remain  functional  even  if  control 
towers  are  inoperable,  or  equipment  within  them  becomes  nonfunctional  as  long 
as  the  runways  remain  intact.    Control  towers  of  the  major  airports  in  this  study 
are  earthquake  resistive  and  are  expected  to  remain  safe  despite  glass  breakage. 
Some  essential  equipment  is  not  anchored  and  will  probably  be  displaced  and 
become  inoperable.   Emergency  equipment  is  available  and  is  expected  to  remain 
functional.    Runway  lights  will  perform  wherever  the  runways  remain  intact. 
Even  if  the  control  towers  and  other  buildings  become  nonfunctional,  it  is  possible 
for  aircraft  to  continue  to  land  and  take  off  under  handicapped  conditions  by  use 
of  standby  emergency  power  and  communications  systems. 

The  1964  Alaska  earthquake  (M8.4)  provides  an  excellent  example  of  the  ability 
of  airports  to  continue  operations  even  after  a  M8.4  event  (NOAA,  1973,  p. 
239).    A  total  of  13  airports  were  found  to  have  had  runway  or  taxiway  damage 
out  of  the  64  airports  inspected  after  the  Alaskan  shock.    Virtually  all  airports 
were  operational  within  hours  after  the  shock  despite  runway  damage  and 
building  damage.    Some  resourcefulness  was  required  to  accomplish  this.    For 
example,  the  collapse  of  the  control  tower  at  Anchorage  International  Airport 
required  the  use  of  radios  in  a  grounded  plane  for  air  traffic  control. 

The  1971  San  Fernando  earthquake  (M6.4)  did  not  prevent  the  operation  of 
nearby  airports,  none  of  which  were  in  areas  subject  to  ground  failure.   The  1987 
Whittier  Narrows  earthquake  (M5.9)  closed  the  Burbank  Airport  for  a  few  hours 
due  mostly  to  glass  breakage  in  the  control  tower.    The  1989  Loma  Prieta 
earthquake  (M7)  in  the  San  Francisco  Bay  area  produced  structural  and  non- 
structural damage,  closing  San  Francisco  International  Airport  for  12  hours 
(McNutt,  1990).    At  Oakland  International  Airport  one  building  had  structural 
damage  and  the  northern  3,000  feet  of  the  10,000  foot  main  runway  was  closed 
due  to  settlement  produced  by  liquefaction.    Alameda  Naval  Air  Station  also  had 
runway  damage  due  to  liquefaction.   These  airports  are  in  areas  of  high 
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liquefaction  potential,  and  thus  the  earthquake  planning  scenarios  for  the  northern 
San  Andreas  and  for  the  Hayward  fault  showed  them  closed  as  a  result  of  M~8 
and  M7.5  earthquakes  on  the  San  Andreas  and  Hayward  faults,  respectively 
(Davis  and  others,  1982b;  Steinbrugge  and  others,  1987). 

Access  to  the  Airports 

Even  if  an  airport  remains  completely  functional  after  an  earthquake,  it  would  be 
virtually  useless  as  a  resource  if  it  is  not  accessible  by  surface  transport.    Most 
major  airport  facilities  are  located  adjacent  to  major  freeways.    Ground 
transportation  access  and  egress  from  the  facility  normally  involve  freeway 
overpasses,  underpasses,  and  interchanges,  and  other  bridge  structures. 
Obviously,  damage  or  closure  of  these  structures  would  seriously  impair  airport 
accessibility. 

Damage  to  Utility  Lines 

Utility  lines  make  up  the  lifeline  system  necessary  for  continued  airport  operation. 
The  performance  of  these  lifelines,  especially  electrical  power  and  fuel  lines,  is 
critical.    This  applies  not  only  to  the  lines  at  the  airport,  but  also  to  the  service 
lines  leading  to  the  airport.    In  the  scenario  earthquake,  many  utility  and  fuel  lines 
in  the  vicinity  of  Norton  AFB  and  Riverside  Airport  will  be  vulnerable  to  damage 
by  ground  failure  due  to  liquefaction. 

Runway  Damage 

Runway  damage  can  render  an  airport  inoperable  for  large  commercial  aircraft  for 
substantial  periods  of  time.    However,  runways  can  be  quickly  repaired  for  use  of 
military-type  cargo  planes  such  as  the  C-130.    Runway  damage  due  to  an 
earthquake  is  a  direct  function  of  the  strength  characteristics  of  the  underlying 
soils.    Most  of  the  airport  runways  under  consideration  are  built  upon  firmly 
compacted  soils,  but  in  this  scenario  earthquake  all  will  be  subjected  to  severe 
ground  shaking  for  a  period  of  25  seconds  or  more.    Only  two  airport  runways, 
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those  at  Norton  AFB  and  Riverside  Airport,  are  located  on  sites  with  known 
liquefaction  potential.    If  the  water  table  is  high  at  the  time  of  the  earthquake, 
major  differential  settlements  will  damage  runways. 

Planning  Considerations 

Aircraft  will  play  a  vital  role  in  the  transport  of  people  and  material  to  and  from 
the  stricken  areas  and  in  search  and  rescue,  damage  assessment,  and  many  other 
emergency  response  efforts.    Pre-selection  of  one  or  more  air  cargo  delivery 
facilities  will  influence  related  planning  for  distribution  of  material  by  helicopter, 
highway,  and  rail  transport.    Air  Force  Regulation  355-1  provides  for  the 
availability  of  facilities  during  civil  emergencies.    Detailed  working  agreements 
with  the  U.S.  Air  Force  should  be  developed  to  assure  availability  of  the  military 
air  fields. 

Airports  available  for  major  logistics  need  to  be  evaluated  in  terms  of  auxiliary 
electrical  power  supply,  integrity  of  airport  buildings,  and  vulnerability  of  access 
routes  in  order  to  establish  transportation  plans.    The  vulnerability  of  runways  to 
liquefaction  at  Norton  AFB  and  Riverside  Airport  should  be  further  assessed. 

Although  some  damage  to  structures  and  facilities  is  to  be  expected,  for  planning 
purposes  all  major  airports  are  expected  to  remain  functional  for  some  types  of 
aircraft.   The  task  of  clearing  the  normal  air  traffic  and  ground  passengers  will  be 
the  first  challenge  to  overcome. 

Planning  Scenario 

Three  major  airports  in  the  planning  area  and  many  others  in  the  greater  Los 
Angeles  area  are  capable  of  providing  the  5,000  feet  of  undamaged  runway 
necessary  for  landing  C-130  aircraft  that  will  provide  massive  logistics  to  the 
response  effort  (the  C-141  needs  at  least  6,000  feet).    Some  liquefaction  damage 
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will  occur  to  runways  at  Norton  AFB  and  Riverside  Airport,  but  this  will  not  be 
great  enough  to  disrupt  emergency  operations.   The  other  major  airports  are  in 
areas  where  predicted  shaking  will  produce  minimal  damage  to  runways.    In 
general,  all  of  the  major  airports  are  capable  of  handling  emergency  response 
operations.    Performance  of  the  lifeline  systems  necessary  for  airport  operations 
will  be  critical.   The  success  of  air  operations  will  be  dependent  on  electrical 
power,  fuel  handling,  and  survival  of  critical  buildings  (e.g.,  control  towers). 
Emergency  power  generators  are  a  necessity.    Secondary  airports  for  distribution 
of  supplies  and  equipment  have  not  been  evaluated  in  terms  of  auxiliary  electrical 
power  supply,  integrity  of  airport  buildings,  and  vulnerability  of  access  routes. 
These  should  be  evaluated  if  they  are  found  to  be  vital  to  response  planning. 

Damage  Assessments 

Damage  assessments  have  been  postulated  for  certain  airport  facilities  as  set 
forth  below.   The  statements  regarding  the  performance  of  facilities  are 
hypothetical  and  are  intended  for  planning  purposes  only.   They  are  not  to  be 
construed  as  site-specific  engineering  evaluations.    Locations  of  facilities  are 
shown  on  Map  A-R. 

For  emergency  planning  purposes,  the  scenario  addresses  mainly  the  initial  3  day 
response  period.    After  3  days,  repairs  and  response  will  be  dictated  by  the  real 
post-earthquake  situation.    The  out  of  service  times  indicated  below  assume  that 
equipment,  repair  materials,  access  to  the  damage  site,  and  response  personnel 
are  available.    If  they  are  not  available  for  each  lifeline,  then  priorities  must  be  set, 
and  certain  lifeline  elements  will  be  out  of  service  for  longer  periods. 
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MAP  NO.         AIRPORTS 

A1  Norton  Air  Force  Base 

Closed  up  to  60  hours  (or  longer  after  1994  base  closure),  but  open 
for  emergency  operations. 
Moderate  liquefaction  potential. 
Predicted  MMI  IX  shaking. 

This  major  military  airport  is  3  miles  (5  km)  east  of  the  SJFZ.   The 
main  runway  is  10,000  feet  long  and  is  designed  for  use  by  the 
aircraft  of  the  Air  Mobility  Command.    The  west  half  of  the  runway 
is  built  over  a  zone  of  moderate  liquefaction  potential  and  is 
vulnerable  to  ground  failure.   The  airport  has  a  modern  3  year  old 
control  tower.    Emergency  power  facilities  are  in  place. 

Because  of  defense  budget  cutbacks,  Norton  AFB  is  scheduled  for 
closure  in  March  1994.    However,  Lockheed  Corporation  has 
opened  a  new  aircraft  maintenance  center  at  this  base,  so  that  the 
runway  will  continue  to  be  available  for  emergency  use. 

There  are  numerous  buildings  of  many  sizes  and  types  of 
construction  at  this  base.   Those  located  in  the  area  of  moderate 
liquefaction  potential  will  be  vulnerable  to  damage  from  the  scenario 
earthquake.   However,  this  damage  should  not  prevent  emergency 
operations. 

A2  March  Air  Force  Base 

Closed  up  to  6  hours. 

No  liquefaction  potential. 

Predicted  MMI  VIII  +  shaking. 

This  is  also  a  major  military  airport  with  a  13,000  foot  heavy  duty 

runway.    It  is  located  on  firm  ground  about  7  miles  (12  km)  from  the 

SJFZ.    This  facility  is  one  of  the  main  air  refueling  bases  of  the  Air 
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Mobility  Command.    It  is  located  in  an  area  with  predicted  MMI 
VIII  +  and  no  liquefaction  potential.   The  likelihood  of  severe 
damage  to  the  runway  and  numerous  buildings  on  this  base  is  less 
than  at  Norton  AFB. 

March  AFB  is  7  miles  (12  km)  from  the  San  Jacinto  fault.    Runways 
will  remain  usable  immediately  after  the  earthquake,  although  the 
buildings  may  suffer  damage.   The  airport  will  be  available  for  major 
emergency  response  after  initial  inspection  and  cleanup. 
Access  problems  will  be  minimal. 

A3  Ontario  International  Airport 

Closed  up  to  6  hours. 
No  liquefaction  potential. 
Predicted  MMI  VIII-  shaking. 

This  major  airport  has  two  runways  of  12,200  feet  and  10,200  feet 
in  length.   The  airport  is  located  about  13  miles  (21  km)  southwest 
of  the  SJFZ.    It  is  a  part  of  and  under  the  jurisdiction  of  the  Los 
Angeles  International  Airport  System.    Annual  passenger  traffic  is 
about  6,000,000.    Annual  freight  is  about  300,000  tons.    Greiner 
and  Co.  (West  Coast)  has  completed  an  earthquake  study  of  the  Los 
Angeles  and  Ontario  airports.    A  trained  emergency  response  staff  is 
on  site.    This  airport  has  a  modern  control  tower  built  in  1986  and 
operated  by  the  Federal  Aviation  Administration  (FAA).    Emergency 
power  facilities  are  in  place.    During  the  1990  February  28  Upland 
earthquake  (M5.5)  located  7  miles  (12  km)  northwest  of  Ontario, 
the  control  tower  lost  a  window  and  panels  fell  from  the  ceiling  in 
the  terminal  building. 
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Ontario  has  facilities  for  the  Terminal  Radar  Approach  Control, 
which  is  the  FAA  control  center  for  almost  all  regional  traffic  in 
eastern  Los  Angeles,  northern  Orange,  Riverside,  and  San 
Bernardino  counties.    United  Parcel  Service  (UPS)  and  Federal 
Express  (FEDEX)  cargo  facilities  at  Ontario  would  be  useful  to 
receive  and  distribute  supplies  in  an  emergency. 

The  existing  terminal  building  is  a  two-story  structure  built  in 
increments  starting  in  1961  with  a  total  area  of  70,000  square  feet. 
Construction  of  a  new  two-story  building  with  an  area  of  600,000 
square  feet  is  scheduled  to  start  in  1993.    The  structural  design  of 
this  new  facility  was  upgraded  to  incorporate  lessons  learned  from 
the  Loma  Prieta  earthquake  of  1989.    In  addition  to  the  terminal 
building,  control  tower,  and  maintenance  buildings,  Lockheed  and 
General  Electric  have  large  maintenance  facilities  on  site. 

The  Ontario  airport  is  located  between  main  east-west  freeway 
Routes  10  and  60,  and  also  between  converging  railroad  tracks  of 
the  Southern  Pacific  and  Union  Pacific  railroads.    Serious  access 
problems  could  result  from  major  damage  to  the  freeways  or 
railroads  in  the  area,  affecting  surface  traffic  in  both  east-west  and 
north-south  directions.    Fuel  supplies  are  delivered  by  Santa  Fe 
Pacific  Pipeline  from  the  Long  Beach  area.   The  airport  has  a  day's 
fuel  supply  stored  on  site. 

Runways  will  remain  usable  immediately  after  the  earthquake, 
although  some  buildings  may  suffer  damage.   The  airport  will  be 
available  for  major  emergency  response  after  initial  inspection  and 
cleanup. 
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Access  problems  from  the  east  and  south  will  result  from  closure  of 
the  Interstate  10/15  interchange,  and  partial  closure  of  Highway  60 
near  the  Interstate  10  interchange  (refer  to  Map  Hi). 

A4  Riverside  Airport 

Closed  up  to  36  hours,  but  open  for  emergency  operations. 
Moderate  liquefaction  potential. 
Predicted  MMI  VIM-  shaking. 

Riverside  Airport  is  1 1  miles  (18  km)  from  the  San  Jacinto  fault.    It 
is  built  on  Holocene  alluvium  near  the  Santa  Ana  River.    The  5,000 
feet  main  west-east  runway  will  escape  the  liquefaction  and 
settlement  that  will  damage  the  remaining  runways  and  buildings. 
The  airport  will  be  available  for  emergency  response. 

A5  Chino  Airport 

Open. 

No  liquefaction  potential. 
Predicted  MMI  VII  shaking. 

Chino  Airport  is  19  miles  (30  km)  southwest  of  the  San  Jacinto 
fault.    Runways  will  remain  usable  immediately  after  the  earthquake, 
although  the  windows  and  the  contents  of  buildings  will  be 
damaged.   The  main  runway  is  over  5,000  feet  long,  making  it 
available  for  emergency  response  after  initial  inspection  and  cleanup. 
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SCENARIO  MAPS  AND  DAMAGE  ASSESSMENTS 

ARE  INTENDED  FOR  EMERGENCY  PLANNING 

PURPOSES  ONLY 


THEY  ARE  BASED  UPON  THE  FOLLOWING  HYPOTHETICAL 
CHAIN  OF  EVENTS: 

1.  A  PARTICULAR  EARTHQUAKE  OCCURS 

2.  VARIOUS  LOCALITIES  IN  THE  PLANNING  AREA 
EXPERIENCE  A  SPECIFIC  TYPE  OF  SHAKING  OR  GROUND 
FAILURE 

3.  CERTAIN  CRITICAL  FACILITIES  UNDERGO  DAMAGE  AND 
OTHERS  DO  NOT 

THE  CONCLUSIONS  REGARDING  THE  PERFORMANCE  OF 
FACILITIES  ARE  HYPOTHETICAL  AND  NOT  TO  BE  CONSTRUED 
AS  SITE-SPECIFIC  ENGINEERING  EVALUATIONS.  FOR  THE 
MOST  PART,  DAMAGE  ASSESSMENTS  ARE  STRONGLY 
INFLUENCED  BY  THE  SEISMIC  INTENSITY  DISTRIBUTION  MAP 
DEVELOPED  FOR  THIS  PARTICULAR  SCENARIO  EARTHQUAKE. 
THERE  IS  DISAGREEMENT  AMONG  INVESTIGATORS  AS  TO 
THE  MOST  REALISTIC  MODEL  FOR  PREDICTING  SEISMIC 
INTENSITY  DISTRIBUTION.  NONE  HAVE  BEEN  FULLY  TESTED 
AND  EACH  WOULD  YIELD  A  DIFFERENT  EARTHQUAKE 
PLANNING  SCENARIO.  FACILITIES  THAT  ARE  PARTICULARLY 
SENSITIVE  TO  EMERGENCY  RESPONSE  WILL  REQUIRE  A 
DETAILED  GEOTECHNICAL  STUDY. 

THE  DAMAGE  ASSESSMENTS  ARE  BASED  UPON  THIS  SPECIFIC 
SCENARIO.  AN  EARTHQUAKE  OF  SIGNIFICANTLY  DIFFERENT 
MAGNITUDE  ON  THIS  OR  ANY  ONE  OF  MANY  OTHER  FAULTS 
IN  THE  PLANNING  AREA  WILL  RESULT  IN  A  MARKEDLY 
DIFFERENT  PATTERN  OF  DAMAGE. 
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RAILROADS 

General  Characteristics 

The  San  Bernardino  metropolitan  area  is  served  regionally  by  rail  lines  from  the 
north  and  east,  as  well  as  locally  from  the  west.    From  the  north,  three  main  lines 
Southern  Pacific  (SP),  Union  Pacific  (UP)  and  Atchison  Topeka  and  Santa  Fe 
(AT&SF)  enter  the  planning  area  through  Cajon  Pass.   The  UP  uses  AT&SF  rail 
lines  between  Riverside  and  the  Barstow  area.   The  SP  enters  the  planning  area 
from  the  east  through  Beaumont.    All  three  main  lines  enter  the  planning  area 
from  the  Los  Angeles  basin  to  the  west.    AT&SF  and  SP  lines  have  regional 
connections  to  the  north  and  south  along  coastal  lines  out  of  Los  Angeles  that 
may  be  disrupted  by  liquefaction  and  seismically  induced  landslides  outside  the 
planning  area.    As  shown  in  the  1989  Loma  Prieta  earthquake  (M7),  major 
liquefaction  effects  can  occur  as  far  away  as  56  miles  (90  km)  from  the  epicenter 
(Borchardt,  1991).    Thus,  railroad  and  port  facilities  at  the  Los  Angeles  and  Long 
Beach  harbors,  43  miles  (70  km)  from  the  San  Jacinto  fault,  will  experience 
considerable  damage  due  to  liquefaction.    Although  the  damage  will  be  only  a 
fraction  of  what  would  occur  as  a  result  of  a  major  event  on  the  nearby  Newport- 
Inglewood  fault  zone  (Toppozada  and  others,  1988),  the  marine  shipping  facilities 
in  the  harbor  area  could  be  severely  impacted  for  several  days. 

Rail  lines  of  the  SP  and  AT&SF  cross  the  San  Jacinto  fault  in  four  locations. 
Numerous  railroad  bridges  and  overpass  structures  are  located  within  or  close  to 
the  fault  zone  and  others  are  located  in  areas  of  high  liquefaction  potential  and 
ground  shaking  (MMI  VIII  to  IX).   The  locations  of  rail  lines  are  shown  on 
Map  A-R.    Representative  sites  were  visited. 
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Seismic  Considerations 

Damage  will  occur  to  both  track  and  bridge  structures  where  surface  fault 
displacements  averaging  3  feet  are  postulated.    Damage  to  bridge  supports, 
approach  fills  and  roadbeds  will  occur  in  areas  of  potential  ground  failure.    Bridge 
damage  generally  involves  a  lengthy  repair  time.    Significant  settlement  of  bridge 
approach  fills  require  repair  before  bridge  structures  can  be  used.    Concrete  bridge 
piers  supported  on  old  timber  piling  are  considered  most  vulnerable  to  damage. 
Rail  facilities  are  also  highly  vulnerable  to  closure  by  collapse  or  major  damage  to 
the  many  freeway  over-crossings  and  other  grade  separation  structures. 

Each  of  the  railroads  has  earthquake  response  procedures  triggered  by  information 
received  from  the  Seismological  Laboratories  at  the  California  Institute  of 
Technology  (CIT)  in  Pasadena.   The  AT&SF  and  SP  have  recently  installed 
computerized  monitoring  systems  in  their  Regional  Operations  Center  in  San 
Bernardino,  which  are  directly  linked  to  the  CIT  system.    Within  a  few  minutes  of 
an  event,  the  location  and  magnitude  of  the  earthquake  shows  on  their  monitors, 
superimposed  on  a  map  of  railroad  facilities.    The  systems  also  produce  an 
audible  alarm  to  alert  the  operations  personnel  for  earthquakes  with  a  M4.0  or 
higher.    For  M5.0  or  over,  all  trains  within  50  miles  (80  km)  of  the  epicenter 
proceed  at  restricted  speed  and  inspections  are  initiated  on  all  bridges,  tunnels, 
signal  systems,  tracks  and  road  beds.   The  UP  also  receives  earthquake 
information  by  telephone  from  CIT  to  its  operations  center. 

According  to  the  National  Oceanic  and  Atmospheric  Administration  (NOAA, 
1973),  railway  bridges  generally  do  not  suffer  serious  damage  except  in  areas 
subject  to  ground  failure  or  surface  fault  rupture.    Railroad  tunnels  experience 
severe  damage  in  areas  affected  by  permanent  ground  movements  due  to 
landslides  or  surface  rupture,  but  rarely  suffer  internal  damage  from  ground 
shaking. 
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Some  damage  or  interruptions  to  railroad  communication  systems  (microwave 
towers,  pole  lines,  fiber  optic  lines,  and  telephone  networks)  and  signal  systems 
(train  signals  and  grade  crossing  protection)  can  occur.   Signal  systems  are 
equipped  with  backup  electrical  battery  power  supplies  which  will  operate  power 
switches,  lights,  bells,  gates,  etc.,  for  2  to  3  days  (main  line  operations)  before 
the  batteries  are  depleted.    If  power  from  commercial  sources  or  emergency 
generators  is  not  restored  before  batteries  are  depleted,  trains  will  have  to  operate 
at  restricted  speed  (not  exceeding  20  MPH),  crossing  gates  will  fall  across 
roadways,  and  grade  crossing  warning  systems  will  not  work. 

Planning  Considerations 

Railroad  companies  possess  substantial  in-house  repair  capabilities  that  can  be 
supplemented  by  outside  contractors.    Even  without  earthquakes,  washouts, 
landslides,  and  derailments  occur.   The  railroads  will  solve  many,  but  not  all,  of 
their  reconstruction  problems  without  undue  attention  from  those  concerned  with 
disaster  response.    However,  complete  restoration  of  rail  service  throughout  the 
area  will  take  time  and  this,  in  turn,  will  impact  others  dependent  on  rail  service. 
Failures  that  involve  both  the  railroad  and  other  transportation  facilities  or  utilities 
may  result  in  problems  of  jurisdiction  and  work  priorities. 

Many  rail  lines  in  the  planning  area  are  located  in  areas  with  very  high  potential 
for  ground  failure.    Rail  lines  extend  to  major  port  facilities,  industrial  plants,  and 
military  installations  that  are  also  in  areas  of  poor  ground.    Priorities  given  to  rail 
repairs  in  these  areas  should  be  considered  in  the  context  of  the  ability  of  the 
trucking  industry  to  replace  the  loss  of  rail  service.   Those  wishing  to  review  what 
ground  shaking  can  do  to  rail  facilities  in  areas  with  a  high  water  table  should 
examine  the  many  photos  in  the  classic  work  by  McCullock  and  Bonilla  (1970).    A 
very  high  water  table  (within  10  feet  of  the  ground  surface)  exists  in  extensive 
areas  of  San  Bernardino  and  the  Santa  Ana  River  basin.   These  areas  on  Map  S 
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have  high  potential  for  liquefaction  and  for  serious  damage  to  railroad  facilities 
and  other  structures  and  utilities. 

Where  damaged  rail  facilities  are  unable  to  transport  supplies  of  critical  materials 
after  an  earthquake  event,  surface  trucking  or  air  transportation  will  be  available 
for  emergency  use. 

Planning  Scenario 

Rail  lines  and  bridges  crossing  the  fault  will  suffer  extensive  damage  with 
resulting  interruption  of  service  in  the  San  Bernardino-Riverside  area.    Except  for 
the  lines  through  Cajon  Canyon,  rail  service  into  the  planning  area  will  sustain 
only  minimal  damage,  with  all  main  line  facilities  being  functional  within  5  days. 

The  most  extensive  damage  to  rail  lines  and  bridge  structures  in  the  planning  area 
will  occur  in  Cajon  Canyon  due  to  liquefaction  in  the  MMI  IX  zone  and  to 
landslides  in  the  MMI  VIII  zone.    Serious  damage  will  also  occur  to  railroad  lines  in 
the  SJFZ.    Facilities  located  in  areas  of  liquefaction,  such  as  the  high  water  table 
area  in  downtown  San  Bernardino,  also  will  be  damaged.    Estimates  of  out  of 
service  times  are  given  below,  under  Damage  Assessments. 

Damage  to  freeway  overpass  structures  will  block  rail  lines,  especially  in  the  areas 
within  and  adjacent  to  the  fault  zone.    As  freeway  overpasses  are  under  the 
jurisdiction  of  Caltrans,  repair  is  a  shared  responsibility.    Refer  to  Damage 
Assessments  in  Highways  chapter. 

Switching  yards  and  maintenance  facilities  for  AT&SF  are  located  near  the  San 
Bernardino  central  area  within  2  miles  (3  km)  of  the  SJFZ.    They  will  be  subjected 
to  severe  ground  shaking  (MMI  IX)  and  ground  failure  and  settlement  due  to 
liquefaction.    Repair  facilities  at  this  location  are  not  critical  because  the  railroad  is 
in  the  process  of  abandoning  these  shop  facilities.    Major  repairs  are  done  in 
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Barstow  or  other  more  distant  facilities.    Damage  is  expected  to  tracks  and 
switching  facilities  that  will  take  up  to  3  days  to  repair. 

Switching  yards  for  SP  are  located  in  Bloomington  about  4  miles  (6  km)  from  the 
fault.    Repair  facilities  and  steel-framed  shop  structures  are  also  at  this  location. 
Strong  ground  shaking  (MMI  IX)  in  this  area  is  expected  to  damage  tracks,  shops, 
and  rail  car  and  locomotive  servicing  facilities.    Damage  to  fuel  storage  and 
delivery  systems  will  take  several  weeks  to  repair.    Loss  of  electrical  power  and 
damage  to  air  compressors  and  air  lines  will  render  classification  yard  switches 
and  retarders  inoperative  and  will  take  several  days  to  repair.   The  shop  facilities 
are  used  by  personnel  and  equipment  to  maintain  cars,  locomotives,  tracks, 
bridges,  communications,  signals,  and  utility  systems. 

The  maintenance  and  repair  facilities  for  UP  are  located  in  Yermo,  outside  of  the 
planning  area  and  will  not  be  impacted  by  the  scenario  earthquake. 

Outside  the  planning  area,  the  three  major  railroads,  together  with  their  mutually 
operated  Harbor  Belt  Line,  serve  the  Los  Angeles-Long  Beach  harbor  complex,  an 
extensive  area  of  potential  liquefaction  (Toppozada  and  others,  1988).    Although 
the  intensity  of  earth  shaking  (MMI  VII)  in  this  area  will  be  relatively  low  for  the 
San  Jacinto  earthquake,  damage  due  to  soil  settlements  will  occur. 

Damage  Assessments 

Damage  assessments  have  been  postulated  for  certain  rail  facilities  as  set  forth 
below.   The  statements  regarding  the  performance  of  facilities  are  hypothetical 
and  are  intended  for  planning  purposes  only.   They  are  not  to  be  construed  as 
site-specific  engineering  evaluations.    Locations  of  facilities  are  shown  on 
Map  A-R. 
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For  emergency  planning  purposes,  this  scenario  addresses  mainly  the  initial  3  day 
response  period.   After  3  days,  repairs  and  response  will  be  dictated  by  the  real 
post-earthquake  situation.    The  out  of  service  times  indicated  below  assume  that 
equipment,  repair  materials,  access  to  the  damage  site,  and  response  personnel 
are  available.    If  they  are  not  available  for  each  lifeline,  then  priorities  must  be  set, 
and  certain  lifeline  elements  will  be  out  of  service  for  even  longer  periods. 

MAP  NO.         RAILROADS 

R1  Cajon  Canyon  and  Cajon  Pass  (AT&SF,  and  SP) 

Closed  for  3  to  5  days. 

High  to  moderate  liquefaction  potential  in  Cajon  Canyon. 
Predicted  shaking  up  to  MMI  IX  in  the  canyon  and  VIII-  in  the  pass. 
There  are  numerous  bridges,  trestles,  highway  overpass  structures, 
and  tunnels  in  Cajon  Pass.   These  structures  and  rail  lines  will  be 
damaged  by  shaking  and  landslides.    Moderate  to  high  liquefaction 
potential  in  Cajon  Canyon  will  damage  rail  lines  and  structures. 

After  a  M~8  event  on  the  nearby  San  Andreas  fault,  Davis  and 
others  (1982a,  p.  60)  concluded  that  railroads  will  be  out  of  service 
in  the  Cajon  Canyon-Cajon  Pass  area  for  at  least  72  hours. 
Algermissen  and  others  (1973)  suggested  they  will  be  out  of  service 
for  a  month. 

R2  San  Jacinto  Fault  Crossing,  San  Bernardino  (SP) 

Closed  for  2  to  3  days. 
Moderate  liquefaction  potential. 
Predicted  MMI  IX  shaking. 

A  reinforced  concrete  girder  bridge  spans  Lytle  Creek  at  this 
location.    It  should  survive  the  scenario  earthquake,  but  damage  to 
the  bridge  approaches  will  occur.   This  line  runs  on  or  near  the 
mapped  trace  of  the  San  Jacinto  fault  for  over  0.62  miles  (1  km) 
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before  actually  crossing  it.    As  demonstrated  in  the  1868 
earthquake  located  on  the  Hayward  fault,  the  damage  produced  by 
surface  fault  rupture  is  accentuated  when  rails  cross  the  fault  at  a 
low  angle  in  the  compressive  direction  (Cluff  and  Steinbrugge, 
1966).    In  addition,  the  strong  shaking  in  this  area  will  damage  the 
nearby  AT&SF  yards  and  shops. 

R3  San  Jacinto  Fault  Crossing,  San  Bernardino  (AT&SF) 

Closed  for  3  to  5  days. 
Fault  displacement. 
Moderate  liquefaction  potential. 
Predicted  MMI  IX  shaking. 

An  old  steel  bridge  spans  a  flood  control  channel  at  this  location. 
Earth  movements  and  strong  shaking  in  the  fault  zone  will  cause 
damage  to  this  bridge  and/or  approaches.  Two  lines  join  here  on 
the  mapped  trace  of  the  San  Jacinto  fault.  One  line  crosses  at  a 
high  angle,  the  other  crosses  at  a  low  angle.  Their  interaction  at 
this  point  will  result  in  damage.  Again,  the  strong  shaking  in  this 
area  will  severely  damage  nearby  yards  and  shops  that  would 
normally  be  used  to  facilitate  repairs. 

R4  San  Jacinto  Fault  Crossing,  San  Bernardino  (AT&SF) 

Closed  for  3  to  4  days. 
Fault  displacement. 
High  liquefaction  potential. 
Predicted  MMI  IX  shaking. 

One  line  crosses  here  at  a  relatively  high  angle  in  an  area  with  high 
potential  for  liquefaction.    Again,  the  high  shaking  in  this  area  will 
severely  damage  nearby  yards  and  shops  that  would  normally  be 
used  to  facilitate  repairs. 
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R5  San  Jacinto  Fault  Crossing,  San  Bernardino  (SP) 

Closed  for  3  to  4  days. 
Fault  displacement. 
High  liquefaction  potential. 
Predicted  MMI  IX  shaking. 

One  line  crosses  here  at  a  relatively  low  angle  in  an  area  with  high 
potential  for  liquefaction.    MCI  underground  fiber-optic  line  next  to 
tracks  will  be  severed  (Steenhoven,  1992).    The  high  shaking  in  this 
area  will  damage  SP  yards  and  shops  located  about  4  miles  (6  km) 
away  in  Bloomington  that  would  normally  be  used  to  facilitate 
repairs. 

R6  Santa  Ana  River  Crossing,  Grand  Terrace  (SP) 

Closed  more  than  3  days. 
Fault  displacement. 
Moderate  liquefaction  potential. 
Predicted  MMI  IX  shaking. 

As  demonstrated  along  the  Pajaro  River  during  the  1989  Loma 
Prieta  earthquake  (M7),  old  railroad  bridges  such  as  these  and 
their  approaches  are  especially  vulnerable  to  settlement 
produced  by  liquefaction  (Borchardt,  1991).    The  damage  here 
will  close  the  bridge  for  several  days,  but  according  to  SP  this 
branch  of  the  railroad  is  not  an  important  line. 

R7  Santa  Ana  River  Crossing,  Grand  Terrace  (AT&SF) 

Closed  for  2  days. 
Moderate  liquefaction  potential. 
Predicted  MMI  IX  shaking. 

This  bridge  is  in  the  same  area  of  the  Santa  Ana  River  bed  as  R6. 
However,  it  is  a  more  modern  and  substantial  plate  girder  structure. 
Damage  here  should  be  relatively  minor. 
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R8  Harbor  Belt  Line,  Port  of  Los  Angeles  (SP,  AT&SF,  UP)  and 

Port  of  Long  Beach  (SP)  Off  map 
Closed  for  3  days. 
High  liquefaction  potential. 
Predicted  MMI  VII  shaking. 

Davis  and  others  (1982a,  p.  61)  predicted  that  a  M8.3  event  on  the 
San  Andreas  fault  would  cause  the  rail  system  in  the  Wilmington- 
Long  Beach-Seal  Beach  Harbor  areas  "to  sustain  considerable 
damage  due  to  localized  occurrences  of  ground  failure,  particularly  in 
areas  of  filled  ground  near  the  port  facilities."    Algermissen  and 
others  (1973)  note  that  the  railroad  bridge  from  the  mainland  to 
Terminal  Island  has  been  closed  frequently  due  to  subsidence- 
induced  ground  movements  and  conclude  that  this  structure  would 
be  unusable  after  a  major  earthquake.   The  earthquake  planning 
scenario  for  a  M7  earthquake  on  the  Newport-lnglewood  Fault  Zone 
predicted  extensive  damage  to  port  facilities,  including  the  local 
railroad  system:  "Rail  access  to  the  area  and  within  the  area  is 
severely  restricted  due  to  damage  caused  by  ground  settlements 
and  liquefaction"  (Toppozada  and  others,  1988,  p.  112).    Although 
the  damage  produced  by  the  San  Jacinto  event  will  be  less,  access 
nevertheless  will  be  disrupted. 
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SCENARIO  MAPS  AND  DAMAGE  ASSESSMENTS 

ARE  INTENDED  FOR  EMERGENCY  PLANNING 

PURPOSES  ONLY 


THEY  ARE  BASED  UPON  THE  FOLLOWING  HYPOTHETICAL 
CHAIN  OF  EVENTS: 

1.  A  PARTICULAR  EARTHQUAKE  OCCURS 

2.  VARIOUS  LOCALITIES  IN  THE  PLANNING  AREA 
EXPERIENCE  A  SPECIFIC  TYPE  OF  SHAKING  OR  GROUND 
FAILURE 

3.  CERTAIN  CRITICAL  FACILITIES  UNDERGO  DAMAGE  AND 
OTHERS  DO  NOT 

THE  CONCLUSIONS  REGARDING  THE  PERFORMANCE  OF 
FACILITIES  ARE  HYPOTHETICAL  AND  NOT  TO  BE  CONSTRUED 
AS  SITE-SPECIFIC  ENGINEERING  EVALUATIONS.  FOR  THE 
MOST  PART,  DAMAGE  ASSESSMENTS  ARE  STRONGLY 
INFLUENCED  BY  THE  SEISMIC  INTENSITY  DISTRIBUTION  MAP 
DEVELOPED  FOR  THIS  PARTICULAR  SCENARIO  EARTHQUAKE. 
THERE  IS  DISAGREEMENT  AMONG  INVESTIGATORS  AS  TO 
THE  MOST  REALISTIC  MODEL  FOR  PREDICTING  SEISMIC 
INTENSITY  DISTRIBUTION.  NONE  HAVE  BEEN  FULLY  TESTED 
AND  EACH  WOULD  YIELD  A  DIFFERENT  EARTHQUAKE 
PLANNING  SCENARIO.  FACILITIES  THAT  ARE  PARTICULARLY 
SENSITIVE  TO  EMERGENCY  RESPONSE  WILL  REQUIRE  A 
DETAILED  GEOTECHNICAL  STUDY. 

THE  DAMAGE  ASSESSMENTS  ARE  BASED  UPON  THIS  SPECIFIC 
SCENARIO.  AN  EARTHQUAKE  OF  SIGNIFICANTLY  DIFFERENT 
MAGNITUDE  ON  THIS  OR  ANY  ONE  OF  MANY  OTHER  FAULTS 
IN  THE  PLANNING  AREA  WILL  RESULT  IN  A  MARKEDLY 
DIFFERENT  PATTERN  OF  DAMAGE. 
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COMMUNICATIONS 

General  Characteristics 

The  following  discussion  of  communications  systems  was  prepared  with  input 
from  representatives  from  telephone  companies,  and  the  Department  of  General 
Service's  Division  of  Telecommunications. 

Telephone  communications  will  be  severely  overloaded  by  post-earthquake  calls. 
This  situation  will  be  further  complicated  by  damage  to  some  of  the  equipment. 
The  loss  of  service  due  to  commercial  electrical  power  failure  will  be  minimal 
because  backup  power  is  available. 

The  systems  in  the  Riverside-San  Bernardino  region  can  process  emergency  calls 
automatically  based  on  previously  established  priority  use.   The  Telephone 
Industry  Communications  Disaster  Plan  ensures  that  key  agencies  and  personnel 
have  access  to  needed  communications  after  the  scenario  earthquake.    Although 
this  plan  anticipates  the  needs  of  essential  services,  the  telephone  system  should 
not  be  relied  on  as  the  sole  source  of  emergency  communication.    Alternate 
systems  should  be  in  place. 

A  fiber-optic  underground  cable  network  that  will  replace  the  existing 
underground  cable  system  is  about  85  percent  complete.    The  old  network  will 
remain  as  a  backup. 

After  the  earthquake,  public  reliance  on  the  telephone  system  should  be 
minimized.    Unfortunately,  official  requests  to  avoid  non-emergency  telephone  use 
have  been  notoriously  ineffective.    The  need  for  much  phone  traffic  will  be 
diminished  through  timely  communications  to  the  public  via  surviving  commercial 
radio  and  television  stations.    Improved  organization  of  this  public  safety  system 
will  help  free  the  telephone  system  for  emergency  use. 
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Telecommunication  systems  are  composed  of  many  subsystems,  each  inter- 
connected and  interdependent.   A  radio  network,  for  example,  may  use  a 
combination  of  telephone  lines,  microwave  circuits,  satellite  interfaces, 
underground  regular  and  fiber-optic  and  overhead  cables,  and  secondary  radio 
paths.   The  failure  of  one  link  in  this  electronic  "chain"  can  effectively  disable  a 
large  portion  of  the  system.   The  earthquake  will  reduce  the  effectiveness  of 
systems  rather  than  completely  destroy  them.    Criteria  such  as  geographical 
coverage,  the  number  of  system  elements,  and  functional  integration  are 
important  in  estimating  the  post-earthquake  effectiveness  of  a  particular  system. 
"Effectiveness"  is  defined  as  the  ability  of  a  system  to  perform  to  its  design  limits 
and  provide  the  intended  service. 

The  buildings  containing  switching  gear  for  telecommunications  are  substantial 
reinforced  concrete  and  reinforced  masonry  structures.   They  are  designed  and 
constructed  to  standards  exceeding  the  requirements  of  the  Uniform  Building 
Code.   Typically  these  buildings  are  very  rigid  one-story  structures  in  which  the 
seismic  bracing  is  provided  by  a  concrete  slab  roof  diaphragm  and  concrete  or 
masonry  shear  walls.    Most  of  the  switching  equipment  has  been  replaced  with 
light  and  efficient  systems,  which  are  anchored  and  tied  to  the  structure  more 
securely  than  the  old  equipment  was  during  the  Loma  Prieta  earthquake.   This  will 
greatly  improve  the  post-earthquake  function  of  the  facilities. 

The  communications  network  is  described  in  subsections  treating  the  telephone 
systems  and  public  safety  radio  systems. 

Telephone  Systems 

Telephone  systems  are  a  vast  complex  of  interconnecting  networks.    Before 
January  1,  1984,  any  trouble  was  reported  to  "the  telephone  company"  and  the 
responsibility  for  restoring  the  service  was  theirs.    As  a  result  of  divestiture  of  the 
telephone  industry,  the  traditional  concept  of  end-to-end  service  was  altered. 
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Under  the  new  structure,  the  former  Bell  System  telephone  network  may  be 
viewed  as  three  separate  parts:  intra-LATA,  inter-LATA  and  customer  owned 
equipment.   Therefore,  the  customer  must  participate  to  a  greater  extent  than 
previously  in  restoring  telephone  communications. 

Terminal  equipment  (telephone  instruments,  telephone  switches,  and  cable)  is 
purchased  by  the  customer  and  can  be  maintained  by  a  third  party. 

Services  are  classified  as  intra-exchange,  access,  and  inter-exchange  carriers. 
The  Bell  System  portion  of  the  network  is  divided  to  reflect  this  segmentation  of 
responsibility.    In  accordance  with  the  divestiture  rulings,  the  Bell  Operating 
Companies  (BOO  have  divided  the  territory  they  serve  into  areas  known  as  Local 
Access  and  Transport  Areas  (LATA).    The  State  of  California  is  divided 
geographically  into  10  LATA's.  Calls  originating  and  terminating  in  the  same 
LATA  (i.e.,  intra-LATA)  are  typically  handled,  as  in  the  past,  by  "the  telephone 
company"  that  serves  that  LATA.    However,  calls  that  originate  and  terminate  in 
different  LATA's  (i.e.,  inter-LATA)  are  transported  between  LATA's  by  a  carrier 
referred  to  as  an  inter-exchange  carrier  (IEC). 

The  regulated  telephone  companies  have  installation  standards  designed  to 
minimize  earthquake  damage.   They  also  have  emergency  mobilization  plans  and 
have  exercised  these  plans  effectively.    Nonetheless,  there  has  not  been  a 
disaster  in  modern  times  of  the  magnitude  being  addressed.    It  is,  therefore,  quite 
difficult  to  forecast  the  detailed  effects  of  a  major  earthquake  on  the  telephone 
system.    There  are,  however,  several  outcomes  that  can  be  anticipated:  hardware 
damage,  underground  cable  failure  in  areas  of  ground  failure  damage  to  surface 
cable  carriers,  system  call  saturation  during  post-earthquake  recovery,  and  repair- 
access  problems. 
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The  evaluation  of  system  performance  takes  into  account  the  likelihood  of  any  or 
all  of  these  events  occurring.   We  attempt  to  quantify  the  ability  of  public  safety 
agencies  to  conduct  recovery  efforts  by  using  the  telephone  system.    Our 
estimates  are  not  directly  applicable  to  the  general  performance  of  the  system  nor 
to  the  public's  ability  to  use  the  system. 

Our  evaluation  is  based  on  past  telephone  performance  in  disaster  situations, 
casualty  projections,  population  density  and  demography,  post-earthquake 
transportation  evaluations,  the  probable  performance  of  commercial  power 
facilities,  and  site-specific  technical  considerations.    Other  than  a  general  site 
characterization  of  the  central  switching  offices  (Table  T-1,  Map  T), 
no  attempt  has  been  made  to  evaluate  each  of  the  telephone  facilities. 

The  telephone  system  worked  fairly  well  after  the  1989  Loma  Prieta  earthquake 
(M7).    Most  long  distance  calls  to  the  415  and  408  area  codes  were  blocked  to 
improve  service  within  the  damaged  area.    Emergency  91 1  service  was  available 
with  dial  tone  delays  of  less  than  a  few  minutes.    "Damage  to  Pacific  Bell's 
communication  equipment  was  minor...   The  loss  of  commercial  power  did  cause 
some  problems  in  three  central  offices"  (Schiff  and  others,  1990,  p.  296).    Most 
problems  concerned  the  failure  of  poorly  maintained  backup  generators.    Essential 
service  lines  worked  despite  frequent  failure  to  activate  line  load  control. 
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TABLE  T-1 


TELEPHONE  SWITCHING  OFFICES* 


MM 

Dist.  to 

Location 

County 

Intensity** 

SJF,  km 

• 

Chino 

S.B. 

VII 

29 

■ 

Colton 

S.B. 

IX 

1 

■ 

Fontana 

S.B. 

IX 

8 

• 

Cal.  State  Univ.,  S.B. 

S.B. 

IX 

7 

■ 

Highland 

S.B. 

IX 

6 

• 

Highland 

S.B. 

VIII  + 

11 

• 

Highland  Junction 

S.B. 

IX 

5 

• 

Loma  Linda 

S.B. 

IX 

2 

• 

Los  Serranos 

S.B. 

VII 

35 

• 

Muscoy 

S.B. 

IX 

3 

• 

Ontario 

S.B. 

VIII- 

24 

• 

Rancho  Cucamonga 

S.B. 

VIII  + 

16 

• 

Redlands 

S.B. 

IX 

7 

■ 

Rialto 

S.B. 

VIII  + 

4 

• 

San  Bernardino 

S.B. 

IX 

2 

• 

Upland 

S.B. 

VIII- 

21 

• 

Yucaipa 

S.B. 

VIII  + 

11 

■ 

Arlington 

Riv. 

VIII- 

20 

• 

Calimesa 

Riv. 

VIII + 

10 

■ 

Corona 

Riv. 

VII 

33 

■ 

Edgemont 

Riv. 

VIII  + 

11 

• 

Edgemont 

Riv. 

VIII  H- 

11 

• 

Elsinore  Grand 

Riv. 

VI 

38 

• 

Hemet  North 

Riv. 

VII 

19 

• 

Hemet  South 

Riv. 

VII 

21 

• 

Homeland 

Riv. 

VIII- 

17 

• 

Lake  Elsinore 

Riv. 

VI 

34 

■ 

March  AFB 

Riv. 

VIII  + 

13 

• 

Mira  Loma 

Riv. 

VIII- 

18 

• 

Perris 

Riv. 

VIII- 

19 

• 

Perris  Valley 

Riv. 

VIII  + 

12 

■ 

Quail  Valley 

Riv. 

VI 

26 

• 

Riverside 

Riv. 

VIII  + 

11 

• 

Romoland 

Riv. 

VIII- 

18 

■ 

Sun  City 

Riv. 

VII 

23 

■ 

Woodcrest 

Riv. 

VIII- 

19 

• 

Claremont 

L.A. 

VIII- 

27 

• 

Pomona 

L.A. 

VII 

30 

• 

San  Dimas 

L.A. 

VII 

32 

•  * 


Locations  shown  on  Map  T 
Refer  to  Appendix  A 
General  Telephone  and  Electronics 
Pacific  Bell 
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Some  basic  assumptions  have  been  made: 

1.  The  shaking  intensities  are  projected  as  in  Map  S. 

2.  Areas  suffering  a  shaking  intensity  of  Modified  Mercalli  VIII  or  higher  will 
have  hardware  damage,  although  such  damage  will  be  fairly  localized. 

3.  Some  underground  cables  will  be  damaged  by  ground  failure,  but  not  in 
sufficient  number  to  preclude  switching  alternatives. 

4.  Most  predesignated  public  safety  circuits  will  receive  priority  restoration. 

5.  Most  telephone  company  backup-power  provisions  will  be  functional. 

6.  The  long  distance  network,  although  difficult  to  access,  will  remain 
stable. 

7.  Interexchange  facilities  will  be  difficult  to  access,  but  will  remain  intact. 

8.  Shortly  after  the  event,  numerous  relatively  simple  failures  will  occur 
along  with  intense  call  saturation.   This  will  materially  impair  the 
telephone  networks  in  the  affected  areas  for  12  to  24  hours. 

Specific  Vulnerabilities 

The  most  vulnerable  aspects  of  telephone  systems  are  the  computers  used  to 
switch  message  traffic.    All  are  sensitive  to  changes  in  cooling.    Call  saturation  is 
the  most  obvious  system  access  problem.    Most  exchanges,  however,  can  use 
switching  computers  to  control  system  load  by  limiting  access  to  only 
predesignated  circuits.   The  telephone  systems  work  on  48V-DC  battery  power, 
with  backup  generators.    If  emergency  generator  power  fails,  telephone  system 
performance  on  batteries  will  degrade  at  a  rapid  rate. 

Assuming  the  earthquake  occurs  outside  normal  business  hours,  certain  staffing 
problems  will  arise.   The  first  concern  of  telephone  company  employees  will  be 
their  families  and  friends.    A  small  percentage  of  staff  will  leave  their  jobs  to 
ameliorate  the  effects  of  the  disaster  in  their  personal  lives.    Some  employees  will 
suffer  casualties  or  will  be  confronted  with  blocked  streets  and  highways.    Most 
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repair  vehicles  will  be  inaccessible  to  staff  for  several  hours  and,  in  some  cases, 
may  be  immobilized  by  facility  failure. 

Before  divestiture,  a  single  call  to  the  local  operating  telephone  company  would 
start  the  complete  installation  or  repair  of  network  and  equipment;  i.e.,  lines, 
instruments,  Public  Branch  Exchange,  etc.    Now,  two  or  more  calls  could  be 
required.    Maintenance  contracts  for  customer-owned  equipment  should  include 
repair  or  replacement  of  equipment  in  the  event  of  a  disaster. 

Public  Safety  Radio  Systems 

Radio  systems  will  operate  at  75  percent  effectiveness  for  the  first  12  hours  after 
the  earthquake.    A  slow  decline  will  occur  after  this  due  to  equipment  failures, 
battery  life,  and  operations  overload.    As  spare  equipment  and  support  personnel 
are  moved  into  the  area,  the  effectiveness  of  the  radio  system  will  increase. 
Portable  command  centers  will  be  established  by  the  Governor's  Office  of 
Emergency  Services  to  set  priorities  and  coordinate  the  use  of  various  law 
enforcement  and  fire  prevention  agencies. 

Radio  systems  are  less  susceptible  to  damage  than  telephone  systems  due  to 
their  relatively  small  size  and  minor  dependence  on  wire  cable.   These  systems 
have  components  that  include  radio  control  consoles,  base  stations,  microwave 
radio,  repeaters,  mobile  relays,  mobile  radios,  hand  held  radios,  and  portable 
radios.   The  failure  of  any  particular  component  will  not  adversely  affect  the 
system  because  alternate  operations  are  part  of  the  design. 

In  addition  to  public  safety  radio  systems,  the  following  communication  systems 
can  aid  in  providing  emergency  communications. 

Amateur  Radio 

The  amateur  radio  system  is  designed  for  an  entirely  different  application  than  the 
public  safety  radio.    However,  it  has  helped  in  disaster  recovery  operations. 


117 


SAN  JACINTO  EARTHQUAKE  PLANNING  SCENARIO 

Radio  Amateur  Civil  Emergency  Service 

Radio  Amateur  Civil  Emergency  Service  (RACES)  has  been  organized  to  provide 
emergency  communications  during  disasters.   The  Office  of  Emergency  Services 
command  center  has  integrated  this  radio  system  within  their  operating 
procedures. 

Aircraft  and  Marine  Radio  Communications 

This  radio  service  will  be  at  least  90  percent  effective.  Some  public  safety 
systems,  such  as  those  of  the  California  Department  of  Forestry,  California 
Highway  Patrol,  and  the  U.S.  Forest  Service  have  aircraft  communication. 

Cellular  Radio  Systems 

This  radio  system  will  have  the  same  operational  problems  as  the  telephone  net- 
work, because  it  is  an  extension  of  that  network.    However,  since  it  is  not 
dependent  on  cable  for  connection,  it  will  be  more  reliable  than  basic  telephone 
service.    In  addition,  the  priority  features  of  this  system  will  allow  selective  use 
for  the  emergency. 

Satellite  Communications 

This  is  the  most  reliable  method  of  point-to-point  communications.   The  use  of 
satellites  for  emergency  communications  is  limited  by  the  vulnerability  of  the 
earth  station  and  by  the  time  required  to  connect  to  it. 

Emergency  Public  Information  (EPI) 

Commercial  radio  and  television  stations  can  disseminate  information  to  the  public 
better  than  any  other  means.    Because  these  stations  cover  a  wide  area,  their 
service  will  be  valuable  in  the  disaster  recovery  efforts. 
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The  Emergency  Broadcast  System  (EBS)  has  received  numerous  critical  comments 
following  past  earthquakes.    But  EBS,  which  has  been  designed  to  provide  LIFE- 
SAFETY  WARNINGS  from  Government  to  the  public,  requires  three  things  to 
work: 

1 .  Information  from  a  responsible  source  to  be  broadcast. 

An  example  is:    "This  is  the  Santa  Luisa  County  Emergency  Operations 
Center.    Southern  California  has  just  experienced  a  [Moderate]  [Strong] 
earthquake.   At  this  time  the  magnitude,  location,  and  damage  are 
unknown.   We  are  assessing  conditions  and  will  keep  you  informed  as 
information  becomes  available.    Be  ready  for  additional  shaking.    Read 
the  emergency  information  sections  in  the  front  of  your  phone  book." 

Diligent  follow  up  to  keep  these  information  releases  current  must  take 
place. 

2.  The  links  fiom  Government  to  the  broadcasters,  and  the  broadcast 
facilities  themselves  must  be  reviewed  with  an  eye  towards  the 
requirements  to  survive  the  event,  such  as  abatement  of  structural  and 
nonstructural  hazards,  and  actions  required  to  ensure  the  stations  will 
remain  on  the  air  so  as  to  be  able  to  broadcast  the  EPI  development  by 
Government. 

3.  Government  and  the  broadcasters  must  interface  on  a  regular  basis  so 
that  the  parties  involved  develop  a  sense  of  trust,  and  desire  to  make 
the  system  work.    Part  of  this  process  includes  the  creation  and 
adoption  of  EBS  operational  procedures  for  EOC  and  broadcast 
personnel  to  follow  and  regular  'end-to-end'  testing  from  the  EOC  to  the 
public. 

"Routine"  EPI  releases  will  not  require  the  activation  of  EBS,  as  they  are  not  of  an 
urgent  or  immediate  action  nature.    Other  methods  of  dissemination  (Such  as 
California's  Emergency  Digital  Information  System  [EDIS])  from  government  to  the 
local  media  must  be  developed. 

The  Telecommunications  Division  of  the  California  Office  of  Emergency  Services 
can  assist  in  the  development  of  these  programs. 
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Data  Communications 

Communications  systems  used  to  support  computers  will  be  80  percent  effective. 
They  are  subject  to  telephone  failure  but  less  vulnerable  than  voice  lines  because 
they  usually  have  dedicated-line  facilities  and  redundant  communications  links. 
Dial-up  data,  however,  will  be  subject  to  the  same  problems  as  the  telephone  sys- 
tem. 

Other  Radio  Systems 

Small  public  and  private  radio  systems  can  be  used  on  a  very  limited  basis  where 
the  application  will  assist  a  specific  operation.    Some  of  the  systems  are  as 
follows: 

Paging  Systems  Medical  Radio  Systems 

Trucking  Systems  Taxicab  Systems 

Planning  Considerations 

When  a  disaster  occurs,  the  most  reliable  method  of  communication  will  be  the 
Public  Safety  Radio  System.    Portable  command  centers  will  fill  most 
communication  needs  after  the  earthquake.   Trained  personnel  will  operate  radio 
systems  such  as  those  of  the  Office  of  Emergency  Services,  California  Highway 
Patrol,  and  California  Department  of  Forestry.   Telephones  will  be  available  for 
essential  services. 

The  Southern  California  Earthquake  Response  Plan  (Governor's  Office  of 
Emergency  Services,  1990)  contains  additional  information  on  communications 
response. 

The  Governor's  Task  Force  on  Earthquake  Preparedness  has  completed  a 
comprehensive  plan  to  restore  communications.   This  cooperative  effort  involving 
all  telephone  companies  serving  California  will  provide  mutual  assistance  as 
needed. 
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Planning  Scenario 

Table  T-1  lists  the  general  switching  offices  in  the  planning  area  (Map  T),  and 
shows  the  intensity  of  shaking  and  the  distance  to  the  fault  for  each  site.    In  this 
particular  scenario,  shaking  is  by  far  the  most  important  factor,  with  only  the  San 
Bernardino  site  having  potential  for  liquefaction.   The  intensity  of  shaking  listed  in 
Table  T-1  may  not  correspond  to  the  extent  of  damage,  which  depends  also  on 
the  age  and  the  construction  type  of  the  structures. 

Effectiveness  of  Essential  Services  Lines 

Emergency  response  agencies  have  a  portion  of  their  telephone  lines,  sometimes 
as  little  as  10  percent,  predesignated  as  essential  services  lines.    For  planning 
purposes,  we  postulate  that  after  the  scenario  earthquake,  these  essential 
services  telephone  lines  will  be  25  percent  usable  in  the  first  day,  50  percent 
usable  in  the  second  day,  and  75  percent  usable  at  the  end  of  the  third  day.  The 
availability  of  telephone  communications  for  the  general  public  will  be  significantly 
lower  than  for  emergency  response  agencies.   These  assessments  are  for  the  San 
Bernardino-Riverside  area,  and  are  based  on  the  anticipated  performance  of  the 
general  switching  offices  described  below. 

Table  T-1  and  Map  T  give  an  idea  of  the  difficulty  of  obtaining  telephone  service 
within  the  area  of  greatest  shaking  intensity  during  the  first  few  hours.   With  the 
absence  of  electrical  power  in  the  City  of  San  Bernardino  for  up  to  a  week, 
backup  generators  with  sufficient  fuel  supplies  will  be  critical  for  maintaining  the 
phone  system. 

General  Switching  Offices 

Table  T-1  lists  the  telephone  switching  offices  in  the  planning  area,  and  the 

predicted  MMI  shaking  intensity  and  distance  from  the  San  Jacinto  fault. 
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The  switching  offices  located  in  the  area  of  maximum  ground  shaking  (MMI  IX) 
are  summarized  as  follows: 


Office  Name 

Operator 

Muscoy 

General  Telephone  (GTE) 

CSU  -  San  Bernardino 

GTE 

Fontana 

Pacific  Bell  (PB) 

Colton 

PB 

San  Bernardino 

GTE 

Highland  Junction 

GTE 

Highland 

GTE 

Loma  Linda 

GTE 

Redlands 

GTE 

The  main  GTE  downtown  San  Bernardino  facility  is  in  an  area  of  high  liquefaction 
potential,  which  with  MMI  IX  level  of  shaking  normally  would  cause  some 
structural  damage.   This  switching  office,  however,  is  now  in  a  modern  facility 
built  in  1986.    It  is  one-story  framed  with  structural  steel  and  has  a  rigid  seismic 
resisting  system  consisting  of  reinforced  masonry  shear  walls  and  a  reinforced 
concrete  roof  diaphragm.   The  old  building  has  been  deactivated.    Heavy  shaking 
or  settlement  is  more  likely  to  disrupt  service  because  of  electrical,  electronic  or 
computer  breakdown  than  because  of  structural  damage.   There  is  a  microwave 
tower  adjacent  to  this  switching  office.    Mobile  switching  equipment  is  available 
in  case  of  emergency.   With  the  absence  of  electrical  power  in  the  City  of  San 
Bernardino,  the  telephone  system  must  rely  on  backup  generators.    In  addition, 
the  county  of  San  Bernardino  has  its  own  in-house  telephone  communications 
system. 

The  other  six  GTE  switching  offices  in  the  MMI  IX  shaking  area  are  in  structures 
that  were  built  in  the  1950's,  and  added  to  as  population  grew.   All  of  these 
buildings  are  rigid  one-story  reinforced  masonry  or  concrete  structures  which 
should  survive  the  shaking  with  minimal  structural  damage. 
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The  two  PB  buildings  in  the  MMI  IX  shaking  area  (Fontana  and  Colton)  are  also 
small  rigid  one-story  structures  as  described  above,  and  should  also  survive  with 
minimal  damage. 

There  are  12  GTE  and  6  PB  switching  offices  in  areas  of  predicted  MMI  VIII 
shaking.   The  structures  housing  these  facilities  are  similar  to  the  rigid  one  story 
buildings  described  above  and  should  not  suffer  serious  structural  damage  in  the 
scenario  event. 
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SCENARIO  MAPS  AND  DAMAGE  ASSESSMENTS 

ARE  INTENDED  FOR  EMERGENCY  PLANNING 

PURPOSES  ONLY 


THEY  ARE  BASED  UPON  THE  FOLLOWING  HYPOTHETICAL 
CHAIN  OF  EVENTS: 

1.  A  PARTICULAR  EARTHQUAKE  OCCURS 

2.  VARIOUS  LOCALITIES  IN  THE  PLANNING  AREA 
EXPERIENCE  A  SPECIFIC  TYPE  OF  SHAKING  OR  GROUND 
FAILURE 

3.  CERTAIN  CRITICAL  FACILITIES  UNDERGO  DAMAGE  AND 
OTHERS  DO  NOT 

THE  CONCLUSIONS  REGARDING  THE  PERFORMANCE  OF 
FACILITIES  ARE  HYPOTHETICAL  AND  NOT  TO  BE  CONSTRUED 
AS  SITE-SPECIFIC  ENGINEERING  EVALUATIONS.  FOR  THE 
MOST  PART,  DAMAGE  ASSESSMENTS  ARE  STRONGLY 
INFLUENCED  BY  THE  SEISMIC  INTENSITY  DISTRIBUTION  MAP 
DEVELOPED  FOR  THIS  PARTICULAR  SCENARIO  EARTHQUAKE. 
THERE  IS  DISAGREEMENT  AMONG  INVESTIGATORS  AS  TO 
THE  MOST  REALISTIC  MODEL  FOR  PREDICTING  SEISMIC 
INTENSITY  DISTRIBUTION.  NONE  HAVE  BEEN  FULLY  TESTED 
AND  EACH  WOULD  YIELD  A  DIFFERENT  EARTHQUAKE 
PLANNING  SCENARIO.  FACILITIES  THAT  ARE  PARTICULARLY 
SENSITIVE  TO  EMERGENCY  RESPONSE  WILL  REQUIRE  A 
DETAILED  GEOTECHNICAL  STUDY. 

THE  DAMAGE  ASSESSMENTS  ARE  BASED  UPON  THIS  SPECIFIC 
SCENARIO.  AN  EARTHQUAKE  OF  SIGNIFICANTLY  DIFFERENT 
MAGNITUDE  ON  THIS  OR  ANY  ONE  OF  MANY  OTHER  FAULTS 
IN  THE  PLANNING  AREA  WILL  RESULT  IN  A  MARKEDLY 
DIFFERENT  PATTERN  OF  DAMAGE. 
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ELECTRIC  POWER 

General  Characteristics 

Southern  California  Edison  Company  (SCE)  supplies  electrical  power  to  the  San 
Bernardino  and  Riverside  county  areas.   The  cities  of  Colton,  Riverside,  and 
Banning  purchase  power  from  SCE  which  they  distribute  through  their  own 
systems. 

Most  of  the  electrical  power  is  supplied  by  sources  located  outside  of  the 
planning  area  via  high  voltage  transmission  lines.    In  an  emergency,  these 
transmission  lines  can  tap  ample  reserves  that  include  hydroelectric,  fossil  fuel, 
and  nuclear  sources.   The  locations  of  electrical  facilities  and  the  extensive 
network  of  major  substations  and  interconnecting  transmission  lines  within  the 
planning  area  are  shown  on  Map  E.    Representative  sites  were  visited. 

SCE  has  an  extensive  and  sophisticated  disaster  response  plan  which  greatly 
amplifies  the  information  summarized  in  this  scenario. 

Seismic  Considerations 

There  are  many  critical  elements  within  the  electrical  power  system,  including: 

1 .  Bulk  transmission  sub-substations. 

2.  Power  generating  facilities. 

3.  Transmission  lines,  both  overhead  and  underground. 

4.  Sub-transmission  substations. 

5.  Distribution  system. 

6.  Communication  and  Control  Systems. 
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For  planning  purposes,  we  assume  that  earth  shaking  and  ground  failures 
resulting  from  the  scenario  earthquake  will  seriously  impact  each  of  the  critical 
components  of  the  electric  power  system.   The  primary  restoration  problems  will 
involve  repairing  or  replacing  of  equipment  at  major  substations,  restoring 
damaged  and  collapsed  transmission  line  towers,  reactivating  equipment  at  local 
substations,  and  replacing  fallen  poles  and  burned  transformers. 

Bulk  Transmission  Substations 

Transmission  substations  are  the  most  vulnerable  element  in  the  electrical  power 
delivery  system  (Photo  7).    Major  substations  contain  switches,  porcelain 
insulators,  circuit  breakers,  transformers,  and  control  equipment.    In  the  areas  of 
MMI  VIII  and  IX  shaking  during  the  1971  San  Fernando  earthquake  (M6.4), 
substations  generally  fared  much  worse  than  power  generating  stations  (Moran 
and  Duke,  1975). 

The  1986  July  9  North  Palm  Springs  earthquake  produced  $3.5  million  in  damage 
to  SCE's  Devers  bulk  power  substation  even  though  it  was  only  a  M5.6  event 
(Borchardt  and  Manson,  1986).    A  strong  motion  accelerograph  at  the  substation 
recorded  horizontal  accelerations  for  14  seconds  with  a  peak  of  0.97g  (Ostrom, 
1986).    The  high  voltage  equipment  installed  in  1982  and  designed  to  withstand 
up  to  0.5  g  failed  while  the  low  voltage  equipment  installed  in  1967  did  not.   This 
was  because  the  high  voltage  equipment  required  tall  porcelain  insulators  that 
were  susceptible  to  damage  caused  by  earthquake  shaking.   The  damage  was 
repaired  in  9  days,  but  only  by  borrowing  some  control  parts  from  other 
substations.    For  the  scenario  earthquake,  this  recovery  option  may  be  limited 
because  many  substations  will  be  affected  at  the  same  time. 
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Photo  7.  Devers  substation,  showing  insulators  destroyed  within  1  mile  of  the  epicenter  of 

the  8  July  1986  North  Palm  Springs  earthquake  of  M5.6  (from  Borchardt  and 
Manson,  1986). 
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In  addition  to  the  major  transmission  substations  through  which  high  voltage 
(>  230  KV)  is  routed,  damage  will  occur  at  the  many  small  local  substations  that 
provide  additional  vital  links  in  the  electrical  power  distribution  network. 
Photo  7. 

Six  bulk  transmission  substations  (Map  E)  are  critical  to  the  planning  area: 


Distance  from 

City 

No.  on  Map 

Fault  -  km 

MM  Intensity* 

San  Bernardino 

E    4 

0 

IX 

Grand  Terrace  Vista 

E    9 

3 

IX 

Romoland  Valley 

E10 

19 

VIII- 

Mira  Loma 

E    7 

22 

VIII- 

Cucamonga 

E17 

19 

VIII- 

Chino 

E    6 

29 

VII 

*    Refer  to  Appendix  A 

Damage  to  the  San  Bernardino  and  Grand  Terrace  (near  Riverside)  power 
substations  would  seriously  impact  the  electric  power  supplies  to  the  large 
population  in  these  metropolitan  areas  (Assessment  E4  and  E9,  below). 

For  planning  purposes,  it  should  be  assumed  that  damage  and  power  outages  will 
occur  to  the  power  substations  and  their  associated  switching  and  other 
equipment.   The  damage  will  be  sufficient  to  curtail  their  performance,  leaving 
San  Bernardino  and  much  of  Riverside  without  power  for  at  least  3  days.   The 
seismic  performance  of  facilities  such  as  these  is  the  subject  of  ongoing  research 
by  the  utility  industry.    A  comprehensive  assessment  of  the  expected  effects  of 
the  earthquake  would  require  a  geotechnical  study  of  each  of  the  power 
substation  sites.    Lacking  this,  substations  in  the  MMI  VII  and  VIII  areas  were 
considered  to  be  incapacitated  for  at  least  24  hours. 
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In  coping  with  such  circumstances,  an  electrical  power  utility  has  considerable 
flexibility  for  rerouting  power.    Temporary  repairs  could  permit  transmission  of 
some  power  within  24  hours,  provided  transmission  lines  are  intact.    Completion 
of  repairs  to  these  substations  can  involve  a  week  or  more. 

Power  Plants 

According  to  NOAA  (1973,  p.  274),  "Experience  indicates  that  well  designed 
electrical  generating  plants  should  suffer  minimum  (less  than  5  percent)  damage 
in  MMI  VIII  zones  and  only  slight  (less  than  10  percent)  damage  in  MMI  IX 
zones."   They  note  that  damage  at  the  Valley  Steam  Plant  during  the  1971  San 
Fernando  earthquake  (M6.4)  was  negligible  although  MMI  in  that  area  was  VIII. 
Power  plants,  auxiliary  switch  yards,  and  other  ancillary  facilities  located  in  areas 
of  high  ground  water  or  poor  soil  conditions  (such  as  areas  of  potential 
liquefaction),  however,  are  susceptible  to  increased  damage  as  a  result  of  ground 
failure. 

Although  most  of  the  power  demand  is  generated  outside  of  the  area,  there  are 
four  small  plants  and  one  relatively  large  generating  plant  within  the  planning  area 
(Map  E): 


Generating 

Projected 

Capacity 

Distance  from 

Shaking  MM 

City 

Utility 

MW 

Type 

Fault  -  km 

Intensity* 

San  Bernardino 

SCE 

126 

Thermal 

5 

IX 

Highgrove 

SCE 

154 

Thermal 

5 

VIII  + 

Devils  Canyon 

CDWR 

120 

Hydroelectric 

8 

VIII  + 

Etiwanda 

SCE 

904 

Thermal 

13 

VIII  + 

Garden  State 

SCE 

12 

Hyroelectric 

40 

VII 

Refer  to  Appendix  A 
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The  thermal  power  plants  in  the  planning  area  normally  do  not  operate,  and  are 
not  considered  critical  for  emergency  use.   The  San  Bernardino  and  Highgrove 
plants  are  near  the  fault  zone  and  in  areas  of  predicted  heavy  ground  shaking. 
The  San  Bernardino  plant  is  also  in  an  area  of  potential  liquefaction.   The  two 
small  plants  probably  would  take  2  or  3  days  to  fire  up.   The  large  Etiwanda 
facility  is  "hot"  and  could  be  on  line  rather  quickly. 

Most  of  the  power  companies  used  earthquake  design  criteria  that  were  double 
those  required  by  local  building  codes  at  the  time  of  construction  (NOAA,  1973). 
The  major  structures  are  generally  supported  on  pile  foundations  which  have 
performed  well  in  past  earthquakes.    Nevertheless,  in  view  of  the  severe  ground 
shaking  and  ground  displacements  predicted  in  this  scenario  earthquake 
significant  damage  to  major  structures  and  their  associated  equipment,  switching 
facilities,  piping,  and  fuel  and  water  lines  can  be  expected. 

The  fuel  supply  (oil  or  gas),  cooling  water,  and  fresh  water  are  critical  to  the 
operation  of  a  power  plant.   These  services  are  all  subject  to  interruption  by  the 
effects  of  earth  movements  and  shaking.    Emergency  power  facilities  and  storage 
facilities  for  fuel  and  fresh  water  are  vital. 

Damage  to  power  plants  and  their  ancillary  facilities  within  the  planning  area  will 
result  in  a  minimal  reduction  in  generating  capacity.   The  impact  of  this  reduction 
in  local  output  is  lessened  by  the  availability  of  power  from  sources  outside  the 
planning  area  and  by  an  anticipated  reduction  in  consumer  demand  following  the 
event. 

Overhead  Transmission  Lines 

The  Los  Angeles  Department  of  Water  and  Power  (LADWP)  and  SCE  power 

enters  the  planning  area  from  both  the  north  and  from  the  east. 
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All  of  the  transmission  lines  originating  from  the  generating  plants  located  in  the 
planning  area  traverse  areas  of  projected  ground  shaking  of  MMI  VII  to  IX.    Many 
cross  areas  of  medium  to  high  liquefaction  potential.   This  high  degree  of 
exposure  suggests  that  some  major  transmission  facilities  will  be  out  of  service 
due  to  damage  or  collapse  of  towers. 

Even  though  transmission  towers  are  designed  to  resist  significant  lateral  forces 
due  to  wind  loading  and  broken  conductors,  it  is  prudent  to  plan  for  a  few 
structural  failures  and  consequent  loss  of  power  caused  by  ground  shaking.    In 
addition,  towers  are  susceptible  to  structural  damage  caused  by  fault  rupture, 
landslides,  and  liquefaction.    According  to  NOAA  (1973,  p.  275)  for  a  M8  event 
on  the  San  Andreas  fault  "50  percent  of  the  transmission  lines  entering  the 
planning  area  will  be  out  of  service  either  due  to  damage  to  the  lines  or  to  the 
switching  terminals."   We  now  consider  this  to  be  overly  pessimistic.    Damage  to 
major  transmission  lines  during  earthquakes  has  seldom  resulted  in  lengthy  power 
outages.    For  instance,  while  $3.5  million  of  damage  was  sustained  at  the  Devers 
substation  during  the  1986  North  Palm  Springs  earthquake  (M5.6),  the  500  KV 
transmission  lines  serving  it  escaped  unscathed  (Borchardt  and  Manson,  1987). 
Furthermore,  a  single  fallen  transmission  tower  can  be  bypassed  within  a  few 
hours  (Luis  Escalante,  LADWP).    In  order  for  the  impact  of  power  line  damage  to 
rival  that  of  substation  damage,  a  large  number  of  towers  must  fail  sequentially. 
During  the  1992  Landers  earthquake  (M7.5),  the  fault  passed  through  a 
transmission  tower.   Two  legs  were  offset  by  9  feet  with  respect  to  the  other 
two  legs,  but  there  was  no  disruption  in  electrical  transmission. 

Buried  Cable 

There  are  runs  of  buried  transmission  cable  in  the  planning  area  that  are  laid  in 
conduit,  which  allow  for  some  play.    For  planning  purposes,  we  assume  that 
average  fault  displacements  of  3  feet  will  damage  these  cables. 
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Planning  Considerations 

The  scenario  earthquake  will  have  a  significant  impact  on  many  of  the  major 
facilities  that  comprise  the  complex  electrical  power  network  serving  centers  in 
this  urban  area  (refer  to  Map  E).    Primary  restoration  problems  will  involve  repairs 
to  route  power  through  the  two  major  substations  along  the  fault  in  San 
Bernardino  and  Riverside.    Re-establishment  of  full  service  will  require  the 
restoration  of  damaged  transmission  line  towers,  reactivation  of  equipment  at 
local  substations,  and  replacement  of  fallen  poles,  burned  transformers,  and 
broken  insulators  and  circuit  breakers. 

With  the  survival  of  the  large  Etiwanda  Power  Plant  (904  MW),  generating 
capacity  within  the  planning  area  will  be  at  least  75  percent  of  normal.    Any 
losses  will  be  compensated  by  power  from  generating  sources  to  the  west,  and 
by  the  reduction  in  consumer  demand  that  will  occur  following  the  earthquake. 

Planning  Scenario 

The  following  scenario  is  for  planning  purposes  only  and  is  not  based  on 
site-specific  investigations.    It  is  based  on  the  conservative  assessment  of  the 
performance  of  similar  facilities  during  earthquakes.    Discussions  were  held  with 
representatives  of  the  engineering  and  operations  divisions  of  SCE. 

A  major  earthquake  on  the  San  Jacinto  fault  will  damage  a  considerable  portion  of 
the  electrical  power  distribution  system  in  the  San  Bernardino-Riverside 
metropolitan  area.    Due  to  the  location  of  the  fault  within  a  moderately  populated 
area,  the  number  of  distribution  transformers  damaged  will  be  twice  the  number 
(16,000)  that  a  great  earthquake  on  the  San  Andreas  fault  would  produce 
(NOAA,  1973,  p.  277).    The  1971  San  Fernando  earthquake  (M6.4)  interrupted 
1,000  circuits,  and  a  postulated  M7.0  event  on  the  Newport-lnglewood  fault  zone 
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is  projected  to  interrupt  64,000  circuits  (Toppozada  and  others,  1988).    Due  to 
the  lower  population  density  of  the  planning  area,  the  scenario  event  is  projected 
to  interrupt  about  24,000  circuits. 

In  the  1992  Landers  earthquake  (M7.5)  few  transformers  fell,  because  the 
earthquake  occurred  in  a  sparsely  populated  area,  and  because  SCE  has  been 
anchoring  transformers.    Most  of  the  damage  to  the  distribution  system  in  that 
earthquake  was  due  to  wires  snapping  (Dennis  Ostrom,  1992). 

The  most  significant  impact  of  the  1989  Loma  Prieta  earthquake  (M7)  on  power 
systems  was  the  damage  to  transmission  substations  (EERI,  1990).    Several 
substations  had  major  damage  to  circuit  breakers,  current  transformers, 
disconnect  switches,  and  transfer  buses.    Most  current  transformer  failures  were 
caused  by  cracking  of  porcelain  insulators,  and  not  by  structural  failures  of 
anchorages.    In  the  electrical  distribution  systems,  many  aerial  distribution  lines 
were  downed  and  thousands  of  fuses  in  distribution  feeders  were  blown.    Some 
pole-mounted  distribution  transformers  fell.    Many  poles  were  lost  in  landslide 
areas.    In  the  Marina  District  some  transformer  vaults  floated  to  the  surface  and 
conduits  were  broken  due  to  liquefaction. 

For  the  scenario  earthquake,  it  is  reasonable  to  make  the  following  assumptions 
regarding  the  damage  to  the  electrical  power  system  and  consequent  power 
outages  to  users  in  the  planning  area: 

1.  Thermal  Generating  Plants  -  functional  impairment  of  10  percent  with  a 
restoration  of  full  capacity  within  72  hours. 

2.  Major  Substations  within  10  miles  (16  km)  of  the  fault  zone  -  extensive 
damage.    Large  circuit  breakers  and  ceramic  insulators  will  be  damaged. 
Emergency  rerouting  of  power  should  be  possible  in  33  percent  of  the 
cases. 

3.  Major  Transmission  Lines  -  light  damage,  with  problems  generally 
confined  to  areas  suffering  ground  failure  affecting  consecutive  towers. 
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4.  Distribution  Lines  -  light  to  moderate  damage. 

Unanchored  pole-mounted  transformers  will  be  heavily  damaged. 

5.  Service  Connections.   Twenty  five  percent  of  the  service  connections  in 
the  entire  planning  area  will  be  without  power  for  the  first  24  hours. 
For  those  services  within  5  miles  (8  km)  of  the  fault  zone,  power  loss 
will  be  50  percent  for  the  first  24  hours.    Restoration  of  power  for 
customers  in  the  affected  area  will  vary  from  1  to  6  days. 

6.    Some  areas  in  San  Bernardino  and  eastern  Riverside  will  be  without 
power  for  more  than  a  week  due  to  building  failures  disrupting 
distribution  lines. 


Operators  of  all  power-dependent  systems  such  as  communications,  water 
supply,  fire  fighting,  and  waste  water  treatment  should  plan  for  an  extended 
power  outage.    Serious  impairment  will  occur  at  the  two  generating  plants  located 
close  to  the  fault  break.    Devils  Canyon  Power  Plant  will  be  unable  to  operate 
until  the  California  Aqueduct  is  repaired  at  the  fault  crossing.    One  bright  spot  will 
be  the  survival  of  the  Etiwanda  Power  Plant,  which  has  most  of  the  generating 
capacity  within  the  planning  area. 

Damage  Assessments 

Damage  assessments  have  been  postulated  for  certain  major  electrical  power 
facilities  as  set  forth  below.   The  statements  regarding  the  performance  of 
facilities  are  hypothetical  and  are  intended  for  planning  purposes  only.   They  are 
not  to  be  construed  as  site-specific  engineering  evaluations.    Locations  of 
facilities  are  shown  on  Map  E. 

For  emergency  planning  purposes,  the  scenario  addresses  mainly  the  initial  3  day 
response  period.    After  3  days,  repairs  and  response  will  be  dictated  by  the  real 
post-earthquake  situation.   The  out  of  service  times  indicated  below  assume  that 
equipment,  repair  materials,  access  to  the  damage  site,  and  response  personnel 
are  available.    If  they  are  not  available  for  each  lifeline,  then  priorities  must  be  set, 
and  certain  lifeline  elements  will  be  out  of  service  for  even  longer  periods. 


13^ 


SAN  JACINTO  EARTHQUAKE  PLANNING  SCENARIO 

MAP  NO.         ELECTRIC  POWER 

E1  Devils  Canyon  Power  Plant  (CDWR,  120  MW) 

Shut  down  for  3  to  7  days. 

This  hydroelectric  power  plant  has  an  operating  head  of  1,257  feet 
and  exists  in  an  area  of  severely  fractured  and  deeply  weathered 
metamorphic  and  granitic  rocks  (Arnold,  1966).    Rock  slides  in  the 
area  will  produce  minor  damage  to  the  generating  facilities,  but 
further  water  loss  due  to  the  pipe  rupture  at  the  fault  crossing  will 
prevent  operation  (refer  to  Water  Supply  chapter). 

E2  Garden  State  Power  Plant  (SCE,  12  MW) 

Shut  down  for  4  days. 

This  small  hydroelectric  power  plant  near  Azusa  has  an  operating 
head  of  about  600  feet  and  exists  below  a  67  percent  slope  in  an 
area  subject  to  seismically  induced  soil  slides.    Although  the  power 
plant  will  escape  significant  damage,  the  conduit  from  San  Gabriel 
Reservoir  (spillway  elevation,  1,453  feet)  extends  over  5  miles  (8 
km)  through  an  area  subject  to  landslides.    Rock  slide  and  soil  slide 
damage  to  this  conduit  will  require  extensive  repair,  making  power 
generation  impossible  for  the  duration  of  the  scenario. 

E3  Etiwanda  Power  Plant  (SCE,  904  MW) 

Shut  down  for  8  hours. 

This  large  thermal  generating  plant,  built  between  1953  and  1969, 
is  in  an  area  of  MMI  VIII +  ,  and  rarely  operates. 
For  comparison,  we  note  that  damage  at  the  Valley  Steam  Plant 
during  the  1971  San  Fernando  earthquake  (M6.4)  was  negligible 
though  the  estimated  MMI  was  VIII  in  that  area  (NOAA,  1973, 
p.  274). 
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E4  San  Bernardino  Substation 

Shut  down  for  3  to  5  days. 

Being  astride  the  San  Jacinto  fault  zone  (Sieh  and  others,  1973)  in 
an  area  of  MMI  IX  shaking  and  moderate  potential  for  liquefaction, 
this  substation  will  suffer  major  damage. 

Part  of  the  power  distributed  through  this  substation  will  not  be 
available  anyway.    As  noted,  the  California  Aqueduct  will  rupture 
where  it  crosses  the  fault  about  2  miles  (3  km)  to  the  northwest  at 
(W7)  and  also  to  the  southeast  at  (W8).    This  will  prevent  Devils 
Canyon  Power  Plant  (E1)  from  generating  the  power  that  it  normally 
distributes  through  this  substation. 

Electrical  power  to  San  Bernardino  then  becomes  highly  dependent 
on  a  transmission  line  that  crosses  areas  susceptible  to  landslides  in 
the  San  Bernardino  Mountains  (E15)  and  areas  of  moderate 
liquefaction  potential  along  Cajon  Creek  (E16).    In  the  rest  of  this 
analysis  we  assume  that  this  substation  remains  a  critical  link  in  the 
electrical  grid  to  San  Bernardino.   There  are  minor  power  lines  (not 
shown)  that  come  from  the  west  and  the  south. 

E5  San  Bernardino  Power  Plant  (SCE,  126  MW) 

Shut  down  for  3  days. 

This  thermal  generating  plant,  built  in  the  1950's,  is  in  an  area  that 
will  have  MMI  IX  which  will  produce  only  slight  (less  than  10 
percent)  damage.    Cleanup,  inspection,  and  minor  repairs  will  be 
required  before  the  plant  can  be  restarted.   This  plant  does  not 
normally  operate. 
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E6  Chino  Substation 

Shut  down  for  2  days. 

MMI  VII  shaking  will  not  be  enough  to  produce  significant  damage 
at  this  substation.    Critical  positions  will  be  seismically  upgraded 
within  5  years  (Dennis  Ostrom,  1992). 

E7  Mira  Loma  Substation 

Shut  down  for  3  days. 

Mil  VIII-  shaking  will  be  sufficient  to  produce  moderate  to  heavy 
damage  at  this  substation.    Critical  positions  will  be  seismically 
upgraded  within  5  years  (Dennis  Ostrom,  1992). 

E8  Highgrove  Power  Plant  (SCE,  154  MW,  Davis  and  others,  1982) 

Shut  down  for  2  days. 

This  thermal  generating  plant,  built  in  the  1950's  normally  does  not 
operate.    It  is  in  an  area  that  will  have  MMI  Vlll-f,  which  should 
produce  minimum  (less  than  5  percent)  damage.    Nevertheless,  it  is 
only  4  miles  (6  km)  from  the  San  Jacinto  fault,  and  will  require 
cleanup,  inspection,  and  minor  repairs  before  it  can  be  started  for 
emergency  use. 

E9  Grand  Terrace  Substation 

Shut  down  for  3  days. 

MMI  IX  shaking  will  produce  considerable  damage  at  this  major 
substation  which  is  only  2.2  miles  (3.5  km)  from  the  San  Jacinto 
fault. 

E10  Romoland  Substation 

Shut  down  for  1  day. 

MMI  VIII-  shaking  will  produce  minor  damage  at  this  substation. 


137 


SAN  JACINTO  EARTHQUAKE  PLANNING  SCENARIO 

E11  Cajon  Canyon  Transmission  Line  (Lugo-Mira  Loma,  SCE) 

Operating  on  limited  capacity  from  3  days  to  2  weeks. 
MMI  IX  shaking  and  moderate  liquefaction  in  Cajon  Canyon  will 
partially  disrupt  this  line. 

E12  Cajon  Canyon  Transmission  Line  (Lugo-Mira  Loma,  SCE) 

Operating  on  limited  capacity  from  3  days  to  2  weeks. 
Shaking  intensity  here  will  be  MMI  VII.    Lines  will  be  down  at  this 
point  due  to  landslides. 

Davis  and  others  (1982a,  p.  106)  state  that  "Numerous  high  voltage 
transmission  towers  located  on  steep  slopes  in  the  Cajon  Canyon 
corridor  will  be  damaged  or  collapse  as  a  result  of  shaking  and 
failures  of  steep  slopes.    Restoration  of  damaged  lines  in  this  area 
will  be  difficult  due  to  the  steep  mountainous  terrain  and  limited 
access."    Lowe  and  others  (1991a,  p.  45)  state  that  two  parallel 
500  kV  lines  enter  the  canyon  from  the  south  and  "In  the  1970's 
there  was  a  landslide  on  the  slope  just  before  where  they  reach  the 
Cajon  Canyon  floor.    It  damaged  the  towers  and  they  had  to  be 
repaired.    Figure  3.1-5  shows  the  landslide  scar  and  the  towers  that 
were  rebuilt  on  the  scar." 

E13  Cajon  Pass  Transmission  Line  (Victorville-Century,  LADWP) 

Operating  on  limited  capacity. 

Shaking  intensity  here  will  be  MMI  VII.    Lowe  and  others  (1991a, 
p.  39)  mention  that  there  are  two  parallel  287.5  kV  lines  here  which 
were  installed  in  1936  and  that  "The  system  is  considered  by  the 
Department  to  be  more  than  adequately  designed  as  compared  to 
current  Department  design  standards  (p.  41)."    "The  October  1990 
and  August  1991  brush  fires  in  Lytle  Creek  annealed  parts  of  these 
lines,  causing  them  to  sag.   The  repairs  are  implemented  by 
retensioning  and  replacement/retensioning,  as  appropriate  (p.  42)." 
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These  lines  supply  between  5  and  25  percent  of  Los  Angeles' 
needs.    "About  0.75  miles  south  and  west  of  Cajon  Junction  the 
lines  cross  over  a  small  bowl.    This  region  experienced  slow  ground 
sliding  towards  the  center  of  the  bowl.  ...during  an  earthquake 
liquefaction  or  ground  sliding  might  occur  in  this  region  (p.  42-43)." 

E14  Cajon  Pass  Transmission  Line  (Lugo-Mira  Loma,  SCE) 

Operating  on  limited  capacity  for  3  days  to  2  weeks. 
Shaking  intensity  here  will  be  MMI  VII.    This  line  will  be  down  at 
this  point  due  to  seismically  induced  landslides. 
Davis  and  others  (1982a,  p.  106)  state  that  "Numerous  high  voltage 
transmission  towers  located  on  steep  slopes  in  the  Cajon  Canyon 
corridor  will  be  damaged  or  collapse  as  a  result  of  shaking  and 
failures  of  steep  slopes.    Restoration  of  damaged  lines  in  this  area 
will  be  difficult  due  to  the  steep  mountainous  terrain  and  limited 
access." 

E15  San  Bernardino  Mountains  Transmission  Line  (Victorville-San 

Bernardino,  SCE) 
Operating  on  limited  capacity. 

Shaking  intensity  here  will  be  MMI  <VII.    Rockfalls  will  partially 
disrupt  this  line. 

E16  San  Bernardino  Mountains  Transmission  Line  (Victorville-San 

Bernardino,  SCE) 

Operating  on  limited  capacity  for  4  days. 

Shaking  intensity  here  will  be  MMI  IX.    This  line  will  be  down  at  this 
point  due  to  the  failure  of  towers  in  this  area  due  to  liquefaction. 
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E17  Cucamonga  Substation 

Shut  down  for  2  days. 

MMI  VIII  shaking  will  be  sufficient  to  produce  only  slight  damage  at 
this  substation. 

E18  Lugo  Substation  (just  off  the  map  to  the  northeast) 

Shut  down  for  3  days. 

Shaking  intensity  of  MMI  VIM  will  be  sufficient  to  produce  significant 
damage  at  this  SCE  substation.    For  the  SAF  scenario  Davis  and 
others  (1982a,  p.  106)  wrote:  "Adhering  strictly  to  the  predicted 
intensities  shown  on  Map  No.  2S-S,  Lugo  substation  will  receive 
only  intensity  8  (R-F)  shaking  and  consequent  minor  damage." 
Lowe  and  others  (1991a)  describe  this  huge  substation  (2,500  MW) 
and  its  upgrading  from  1960's  to  1990's  from  0.2  to  0.5g  seismic 
standards.   They  write  (p.  45)  that  "Although  SCE  recognizes  that 
the  station  is  still  subject  to  equipment  failures  during  an 
earthquake,  they  have  extensive  plans  for  mitigating  the  impact..." 

E19  Transmission  Line  (Mira  Loma-LA,  SCE) 

Operating. 
Shaking  intensity  here  will  be  MMI  VII. 

E20  Transmission  Line  (San  Onofre-Chino,  SCE) 

Operating. 
Shaking  intensity  here  will  be  MMI  VII. 

E21  Transmission  Line  (Mira  Loma-Grand  Terrace,  SCE) 

Operating. 
This  line  will  be  unaffected. 
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E22  Transmission  Line  (Beaumont-Grand  Terrace,  SCE) 

Operating  on  limited  capacity  for  2  to  4  days. 
Three  towers  of  this  line  will  slump  due  to  soil  slides  in  this  area  of 
MMI  IX  shaking  in  The  Badlands. 

E23  Transmission  Line  (Beaumont-Romoland,  SCE) 

Operating  on  limited  capacity  for  2  to  4  days. 
Three  towers  of  this  line  will  slump  due  to  soil  slides  in  this  area  of 
MMI  VIII  +  shaking  in  The  Badlands. 

E24  Transmission  Line  (San  Onofre-Romoland,  SCE) 

Operating. 

This  line  will  be  unaffected  by  minor  SIL  in  this  area  of  MMI  <  VII 
shaking. 
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ARE  INTENDED  FOR  EMERGENCY  PLANNING 

PURPOSES  ONLY 


THEY  ARE  BASED  UPON  THE  FOLLOWING  HYPOTHETICAL 
CHAIN  OF  EVENTS: 

1.  A  PARTICULAR  EARTHQUAKE  OCCURS 

2.  VARIOUS  LOCALITIES  IN  THE  PLANNING  AREA 
EXPERIENCE  A  SPECIFIC  TYPE  OF  SHAKING  OR  GROUND 
FAILURE 

3.  CERTAIN  CRITICAL  FACILITIES  UNDERGO  DAMAGE  AND 
OTHERS  DO  NOT 

THE  CONCLUSIONS  REGARDING  THE  PERFORMANCE  OF 
FACILITIES  ARE  HYPOTHETICAL  AND  NOT  TO  BE  CONSTRUED 
AS  SITE-SPECIFIC  ENGINEERING  EVALUATIONS.  FOR  THE 
MOST  PART,  DAMAGE  ASSESSMENTS  ARE  STRONGLY 
INFLUENCED  BY  THE  SEISMIC  INTENSITY  DISTRIBUTION  MAP 
DEVELOPED  FOR  THIS  PARTICULAR  SCENARIO  EARTHQUAKE. 
THERE  IS  DISAGREEMENT  AMONG  INVESTIGATORS  AS  TO 
THE  MOST  REALISTIC  MODEL  FOR  PREDICTING  SEISMIC 
INTENSITY  DISTRIBUTION.  NONE  HAVE  BEEN  FULLY  TESTED 
AND  EACH  WOULD  YIELD  A  DIFFERENT  EARTHQUAKE 
PLANNING  SCENARIO.  FACILITIES  THAT  ARE  PARTICULARLY 
SENSITIVE  TO  EMERGENCY  RESPONSE  WILL  REQUIRE  A 
DETAILED  GEOTECHNICAL  STUDY. 

THE  DAMAGE  ASSESSMENTS  ARE  BASED  UPON  THIS  SPECIFIC 
SCENARIO.  AN  EARTHQUAKE  OF  SIGNIFICANTLY  DIFFERENT 
MAGNITUDE  ON  THIS  OR  ANY  ONE  OF  MANY  OTHER  FAULTS 
IN  THE  PLANNING  AREA  WILL  RESULT  IN  A  MARKEDLY 
DIFFERENT  PATTERN  OF  DAMAGE. 
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WATER  SUPPLY 

General  Characteristics 

Map  W  shows  the  major  aqueducts,  storage  reservoirs,  primary  transmission 
pipelines  and  water  treatment  plants  in  the  planning  area. 

The  sources  of  water  for  the  planning  area  in  San  Bernardino  and  Riverside 

counties  are  as  follows: 

The  California  Aqueduct-East  Branch  which  delivers  water  from  Northern 
California. 

The  Colorado  River  Aqueduct  which  brings  water  from  the  Colorado  River. 

Local  sources  consisting  of  ground  water  wells,  reclaimed  water  and 
rainwater  storage. 

The  major  suppliers  of  imported  water  to  the  planning  area  are  the  Metropolitan 
Water  District  of  Southern  California  (MWD)  which  serves  a  large  percentage  of 
the  urbanized  area  and  the  San  Bernardino  Valley  Municipal  Water  District 
(SBVMWD)  which  serves  the  eastern  portion  of  the  San  Bernardino  Valley.   These 
agencies  purchase  imported  water  delivered  through  the  aqueduct  systems  and 
sell  it  to  member  agencies  which  deliver  water  to  their  users  through  distribution 
pipeline  systems. 

The  MWD  provides  supplemental  water  to  a  total  population  of  more  than 
15  million  in  a  service  area  of  5,200  square  miles  in  southern  California.   The 
planning  area  for  this  study  represents  15  to  20  percent  of  the  total  MWD  service 
area.   The  imported  MWD  supply  is  60  percent  of  the  water  used  in  its  service 
area. 
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The  MWD  wholesales  water  to  the  following  water  districts  in  the  planning  area: 

The  Chino  Basin  Municipal  Water  District  in  western  San  Bernardino  County. 
The  district  provides  water  supplies  to  approximately  50  smaller  retailers,  12 
of  which  use  imported  water. 

The  Western  Municipal  Water  District  in  western  Riverside  County  which 
serves  five  major  retailers. 

The  Eastern  Municipal  Water  District  in  western  Riverside  County  which 
serves  seven  or  eight  retailers. 


The  SBVMWD  wholesales  water  to  about  20  retail  agencies,  including  the  cities 
of  San  Bernardino,  Colton,  Loma  Linda,  Redlands,  and  Rialto.    It  serves  a 
population  of  about  500,000  within  an  area  of  330  square  miles.    This  district 
supplies  both  local  and  state  aqueduct  water  for  direct  delivery  or  groundwater 
recharge.    It  has  constructed  major  transmission  pipelines  as  joint  ventures  with 
other  water  agencies  to  save  funds  which  otherwise  would  have  been  spent  on 
parallel  pipelines. 

Several  of  the  districts  provide  both  water  and  waste  water  service,  such  as  the 
Chino  Basin  Municipal  Water  District,  the  Eastern  Municipal  Water  District,  and 
the  cities  of  Colton,  San  Bernardino,  Rialto,  Riverside,  and  Redlands. 

Reservoirs 

Water  supplies  are  stored  in  the  following  major  reservoirs  located  in  the  planning 

area.   These  also  supply  water  to  other  areas  in  Los  Angeles,  Orange,  and  San 

Diego  counties: 

Lake  Mathews 

Morris  Reservoir  (flood  control) 

Perris  Reservoir 

Puddingstone  Reservoir 

San  Gabriel  Reservoir  (flood  control) 

Silverwood  Lake 

Skinner  Reservoir 
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The  major  terminal  reservoir  for  the  California  Aqueduct  System  is  Perris  Reservoir 
and  for  the  Colorado  River  aqueduct  it  is  Lake  Mathews. 

Several  intermediate  size  reservoirs  (10,000  acre-feet  to  35,000  acre-feet)  and 
numerous  small  local  reservoirs  and  storage  tanks  are  located  within  or  near  the 
area  of  MMI  VIII  to  IX  shaking. 

The  Prado  Dam  on  the  Santa  Ana  River  near  Corona  is  important  for  flood  control. 
Mendenhall  (1905)  stated  that  the  whole  Santa  Ana  River  basin,  as  well  as  much 
of  Los  Angeles  and  Orange  counties,  was  underwater  in  the  late  1850's  due  to 
flooding.    Plans  are  underway  to  raise  the  crest  of  this  dam  by  28  feet  to  El.  566 
by  the  year  2000,  according  to  the  U.S.  Army  Corps  of  Engineers. 

Water  Supply  and  Usage 

Sources  of  water  supply  and  annual  water  usage,  excluding  agricultural  use,  for 
the  San  Bernardino-Riverside  area  are  as  follows: 


Source 

Acre  Feet 

Percentage 

Ground,  reclaimed,  and  rainwater 
California  Aqueduct 
Colorado  River  Aqueduct 

460,000 
850,000 
200,000 

30 
56 
13 

A  million  acre-feet  from  the  Colorado  River  Aqueduct  passes  through  the  planning 
area,  half  of  which  goes  to  San  Diego  County  and  half  to  Los  Angeles  and  Orange 
counties. 

Water  is  also  stored  in  numerous  small  local  reservoirs  and  storage  tanks. 
Numerous  municipal  water  departments  and  publicly  owned  water  companies 
deliver  water  to  industrial,  commercial,  and  residential  users.    Map  W  shows  the 
major  aqueducts,  storage  reservoirs,  primary  transmission  pipelines,  and  water 
treatment  plants  in  the  planning  area. 
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Seismic  Considerations 

The  following  elements  of  the  water  supply  systems  are  susceptible  to  damage  as 
a  result  of  ground  failures  or  ground  shaking  caused  by  the  scenario  earthquake: 

Aqueducts 

The  two  major  aqueducts  that  deliver  imported  water  to  the  planning  area  and  to 
the  greater  Los  Angeles  basin  and  San  Diego  traverse  areas  of  significant  earth 
shaking  resulting  from  a  major  earthquake  on  the  San  Jacinto  fault.   The  major 
high-pressure  pipeline  of  the  California  Aqueduct  crosses  the  fault  three  times  in 
the  San  Bernardino  area  (Photos  8a  and  8b)  and  will  be  damaged  extensively. 
The  primary  Rialto  pipeline  crosses  the  fault  farther  to  the  northwest  where 
ground  rupture  will  be  less  and  will  not  break  the  pipeline,  allowing  some  water  to 
cross  the  fault  and  to  serve  communities  to  the  west. 

Reservoirs 

Since  the  nearly  catastrophic  failure  of  Lower  Van  Norman  Dam  during  the  1971 
San  Fernando  earthquake  (M6.4),  a  statewide  program  of  seismic  investigation 
and  modification  of  major  dams  has  been  completed.    For  planning  purposes, 
however,  minor  damage  to  some  of  the  storage  facilities  in  the  planning  area 
should  be  anticipated. 

Wells  and  Tanks 

Numerous  water  wells  and  water  tanks  are  located  throughout  the  area  of  heavy 
ground  shaking  (MMI>  VII).  Facilities  near  the  fault  zone  will  suffer  considerable 
damage,  especially  to  the  connecting  pipes. 
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Photo  8a. 

Breaks  in  the  Holocene  alluvium  overlaying  the  San 
Jacinto  fault  in  the  California  Aqueduct  pipeline 
trench  about  700  feet  (210  m)  north  of  Foothill 
Boulevard  in  west  San  Bernardino.    The  9  foot 
(2.75  m)  diameter  high  pressure  pipeline  was 
placed  next  to  the  Lytle  Creek  flood  control 
channel  through  this  part  of  the  city.    White 
rectangle  enlarged  in  photo  8b.    Photo  by  Donald 
L.  Fife,  1971  (from  Fife  and  others,  1976). 


Photo  8b. 

Close-up  of  Holocene  San  Jacinto  fault  break 
shown  in  photo  8a.    Observer  is  looking  down  the 
strike  of  this  lateral  fault  break.    Several  similar 
breaks  transect  the  pipeline  trench  at  this  locality. 
Photo  by  Donald  L.  Fife,  1971,  (from  Fife  and 
others,  1976). 
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Water  Treatment  Plants 

There  are  six  major  water  treatment  plants  in  the  area  (Map  W): 


Facility 

Distance  from 
Fault  -  km 

Henry  J.  Mills  Filtration  Plant,  Riverside  (MWD) 
F.E.  Weymouth  Memorial  Filtration  Plant,  La  Verne  (MWD) 
Robert  A.  Skinner  Filtration  Plant,  Rancho  California  (MWD) 
Agua  de  Lejos  Filtration  Plant,  Upland  (WFA)* 
Royer/Nesbitt  Filtration  Plant,  Rancho  Cucamonga  (WFA) 
Lloyd  Michael  Filtration  Plant,  Rancho  Cucamonga  (WFA) 

13 
31 
35 
21 
8 
8 

*      Water  Facilities  Authority  (WFA) 

The  first  three  will  be  subjected  to  earth  shaking  of  MMI  VII  or  less.    For  planning 
purposes,  we  assume  that  these  plants  will  not  sustain  major  damage  and  will 
remain  functional.    The  last  three  will  be  subjected  to  MMI  VIM  shaking  and  will 
be  out  of  service  for  1  to  2  days. 

In  general,  water  treatment  plants  perform  fairly  well  during  seismic  shaking. 
Basins,  tank  structures  and  water  storage  tanks  built  to  recent  standards  of  the 
American  Water  Works  Association  have  suffered  minimal  damage.    However, 
elements  submerged  in  water  and  equipment  attached  to  the  tanks,  such  as 
floating  covers,  baffles  and  water  clarification  equipment  are  subject  to  damage, 
often  because  of  deficient  strength  of  connections. 

A  National  Science  Foundation  (NSF)  study  by  Kennedy/Jenks  Consultants,  San 
Francisco,  reported  on  the  effects  of  the  1989  Loma  Prieta  earthquake  (M7)  on 
water  and  waste  water  treatment  plants  in  the  San  Francisco  Bay  area. 
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Equipment  failures  caused  by  sloshing  of  the  liquid  contents  are  described  in  that 
report.    Some  of  the  failures  occurred  in  equipment  connections  to  tank  walls, 
floating  cover  alignment  guide  systems,  tracks  and  attachments,  corbels 
supporting  access  bridges,  and  baffles  and  water  clarification  equipment. 

Mr.  Clark  Sandberg,  structural  engineer  for  the  MWD,  in  charge  of  review  of 
structural  and  non-structural  elements  of  their  facilities,  reported  that  the  MWD 
has  an  ongoing  program,  repeated  every  2  years,  to  review  and  upgrade  elements 
subject  to  failure  or  breakdown  due  to  a  seismic  event.    Past  failures  have  usually 
involved  non-structural  elements  such  as  pipe  bracing  and  equipment 
connections.    He  also  confirmed  that  there  are  no  pumping  plants  on  the  incoming 
aqueduct  systems  within  the  planning  area. 

Primary  Transmission  Water  Lines 

Several  primary  transmission  pipelines  of  CDWR  and  MWD  traverse  the  planning 
area  within  the  areas  of  severe  ground  shaking.   Three  primary  pipelines  traverse 
the  fault  rupture  zone  (Map  W),  the  Santa  Ana  Valley  pipeline  (California 
Aqueduct)  and  the  two  Rialto  pipelines. 

Secondary  Distribution  Lines 

There  is  an  extensive  network  of  distribution  lines  (not  shown  on  Map  W)  and 
associated  pumping  facilities  that  are  susceptible  to  damage  from  high  shaking 
intensities.   The  postulated  surface  displacements  along  the  San  Jacinto  fault  will 
damage  many  distribution  lines  within  the  fault  zone. 
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The  Loma  Prieta  Experience 

The  impact  of  the  1989  Loma  Prieta  earthquake  (M7)  on  water  supply  and  other 
lifelines  is  reported  in  the  Earthquake  Engineering  Research  Institute  (EERI)  Loma 
Prieta  Earthquake  Reconnaissance  Report  of  May  1990.  A  brief  summary  of  the 
information  relating  to  water  supply  is  as  follows: 

1 .  The  most  severe  impact  on  lifelines  was  the  loss  of  electric  power. 

2.  Earth  shaking  intensities  varied  from  a  maximum  of  MMI  VIII  in  the 
Santa  Cruz  area  to  MMI  VI  and  VII  in  the  Central  Bay  and  South  Bay 
areas.   These  intensities  are  less  severe  than  the  MMI  VIM  and  IX 
anticipated  in  extensive  areas  during  the  San  Jacinto  event. 

3.  No  damage  was  reported  to  aqueducts  or  main  storage  reservoirs. 

4.  Damage  was  sustained  by  several  steel  tanks  and  one  prestressed 
concrete  storage  tank. 

5.  Damage  occurred  in  elevated  water  tanks  and  to  mechanical  equipment 
in  several  water  treatment  plants. 

6.  Many  water  main  leaks  were  caused  by  tension,  compression  and 
bending  of  pipes  due  to  earth  shaking  and  settlement,  especially  in 
liquefaction  areas,  such  as  the  Marina  District. 

7.  Corrosion  of  old  pipes  and  fittings  was  responsible  for  some  breaks. 

8.  There  were  some  outages  to  wells  and  pumping  plants. 

9.  Some  customers  were  without  water  for  up  to  2  weeks. 

Planning  Considerations 

Water  supply  to  the  planning  area  is  provided  by  several  systems.    It  is  essential 
that  all  water  agencies  examine  their  transmission  and  distribution  systems  in 
detail  to  identify  areas  and  facilities  most  likely  to  be  impaired.    Programs  should 
be  established  and  maintained  to  progressively  upgrade  facilities  of  questionable 
seismic  resistance  in  areas  of  high  vulnerability. 
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There  is  some  question  whether  there  is  ample  water  storage  in  the  numerous 
reservoirs  to  satisfy  all  water  demands  during  the  initial  3  day  emergency  period. 
MWD  strives  to  maintain  a  6  month  emergency  supply  in  its  service  area  under 
mandatory  25  percent  rationing  (Won,  1992).    Nevertheless,  damage  to 
distribution  systems  may  prevent  deliveries  to  some  service  areas.    In  the  short 
term,  the  loss  of  electrical  power  will  prevent  pumping  water  to  many  areas  at 
higher  elevations,  and  only  undamaged  gravity  systems  will  provide  a  continuous 
water  supply.   The  distribution  of  water  by  using  trucks  or  temporary  pipes  needs 
to  be  planned  in  areas  having  a  significant  possibility  of  water  system  damage. 

As  noted,  several  different  public  utilities  provide  water  to  the  various 
communities  in  the  planning  area.    Although  most  systems  are  largely 
independent  of  the  others,  some  interconnections  between  systems  do  exist. 
Unfortunately,  the  equivalent  of  mutual  aid  does  not  exist  for  short  term  practical 
situations.    One  problem  is  that  utility  system  pipes  are  generally  smallest  near 
district  boundaries.   It  is  perhaps  appropriate  for  federal  and  state  planners  to 
examine  the  possibilities  of  funding  adequate  size  interconn9ctions  between 
adjacent  water  supply  utilities. 

The  MWD  recognizes  the  hazard  posed  by  earthquakes  to  their  system.    The 

following  is  from  the  introduction  to  their  emergency  response  plan: 

"Metropolitan's  aqueduct  and  distribution  system[s]  are  located  in  a 
region  where  the  probability  of  catastrophic  events,  such  as 
earthquakes  are  high.    A  major  earthquake  in  the  Southern  California 
region  can  cause  widespread  destruction,  injuries  and  death. 
Therefore,  earthquakes  are  considered  the  "worst  case  scenario"  for 
catastrophic  events.    Historical  and  geographical  data  indicate  the 
potential  for  damage  to  parts  of  Metropolitan's  system  from  a 
significant  tremor  will  always  exist.    When  a  severe  earthquake  occurs 
in  the  Southern  California  region,  water  will  be  an  even  more  critical 
resource  in  the  disaster  area.    Metropolitan's  emergency  response  plan 
may  become  the  deciding  factor  for  saving  lives  and  mitigating 
property  damage.    For  this  reason,  the  Emergency  Response  Plan  has 
been  designed  and  developed  to  thoroughly  evaluate  and  address  the 
effects  of  varying  levels  of  earthquakes.   Additionally,  this  plan 
presents  Metropolitan's  response  procedures  for  handling  other 
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emergencies,  such  as  hazardous  materials/waste  spills,  fires,  imminent 
dam  failures,  terrorist  threats,  and  other  potentially  dangerous 
incidents". 


The  lifeline  damage  caused  by  the  1989  Loma  Prieta  earthquake  (M7)  confirmed 
lessons  learned  in  many  previous  earthquakes.   The  EERI  (1990)  report  offered 
the  following  recommendations  applicable  to  water  and  waste  water  systems: 

1 .  Provide  emergency  power  for  critical  operating,  treatment,  and  support 
facilities. 

2.  Maintain  portable  generators,  chlorinators,  pumps,  and  light  plants. 

3.  Develop  a  separate  radio  communication  system,  independent  of  the 
telephone  system. 

4.  Maintain  an  inventory  of  repair  materials,  parts,  and  fuel. 

5.  Improve  the  statewide  mutual  aid  program. 

6.  Establish  guidelines  for  statewide  emergency  water  quality  sampling  and 
public  notification  of  health  hazards. 

7.  Conduct  an  earthquake  vulnerability  assessment  of  water  lifeline 
facilities. 

8.  Develop  emergency  response  plans. 

9.  City  or  regional  emergency  response  plans  should  include  active 
participation  by  the  water  lifeline  operators. 

10.  Provide  a  method,  possibly  computer  based,  for  logging  problems  and 
system  operations  to  establish  priority  for  repairs. 

1 1 .  Conduct  a  cross-training  program  to  include  all  the  lifeline  utility 
personnel  in  emergency  response. 

12.  Train  personnel  in  appropriate  communication  procedures. 

13.  Conduct  regular  periodic  emergency  response  exercises. 

14.  Provide  flexible  pipe  joints. 

15.  Provide  flexible  pipe  connections  to  wells,  tanks,  pumps,  and  other  rigid 
structures. 
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16.  Provide  adequate  anchorage  for  air  valves  and  other  heavy 
appurtenances  that  are  installed  in  an  inverted  pendulum  position. 

17.  Design  equipment  for  controlling  wave  action  in  treatment  plants. 

18.  Provide  for  breakaway  or  fusible  connection  and/or  safety  cables  or 
chains  to  prevent  malfunctioning  mechanical  equipment  from  interfering 
with  other  equipment  in  treatment  plants. 

19.  Provide  for  redundancy  in  the  water  system. 

20.  Install  isolation  valves  and  establish  a  regular  valve  maintenance 
program. 

21 .  Anchor  water-quality  testing  equipment  and  supply  cabinets. 

Planning  Scenario 

Within  25  miles  (40  km)  of  the  fault,  damage  to  treatment  facilities,  pumping 
stations,  and  transmission  and  distribution  pipelines  will  reduce  service  by  20 
percent  in  the  planning  area  for  up  to  5  days.    Restoration  will  take  up  to  2 
weeks.    People  will  be  asked  to  use  emergency  supplies,  boil  their  water,  or  take 
other  safety  measures  against  contamination.    Delays  will  be  necessary  because 
waste  water  lines  must  be  repaired  before  fresh  water  lines. 

The  most  serious  problems  will  be  concentrated  in  the  low  lying  areas  of  San 
Bernardino  and  the  Santa  Ana  River  Basin.    The  extent  of  damage  and 
contamination  of  wells  and  groundwater  will  depend  on  groundwater  levels  at  the 
time  of  the  earthquake. 

The  San  Bernardino  Municipal  Water  Department  has  furnished  a  copy  of  readings 
taken  monthly  from  July  1991  to  March  1992  in  about  50  monitoring  wells  in 
downtown  San  Bernardino.   Water  levels  were  7.0  to  44.0  feet  deep  in  July 
1 991  and  from  1 1 .0  to  41 .0  feet  deep  in  March  1 992.    Water  levels  in  1 985 
were  several  feet  higher  than  these. 
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Considerable  damage  to  the  California  Aqueduct  will  occur.  Major  transmission 
lines  and  local  distribution  lines  will  be  disrupted  at  fault  crossings.   This  will 
effectively  isolate  San  Bernardino  and  most  of  the  urban  areas  northeast  of  the 
fault  zone,  because  all  the  water  treatment  plants  are  southwest  of  the  fault. 

Most  of  these  plants  will  lose  much  of  their  source  of  water,  forcing  reliance  on 
local  storage  facilities  and  tank  trucks  for  1  to  2  weeks. 

Substantial  outages  in  distribution  systems  will  occur.   Within  the  SJFZ,  in  a  zone 
about  100  feet  wide,  the  distribution  system  will  be  95  percent  out  of  service. 
Water  lines  in  and  near  the  fault  can  be  replaced  with  temporary  hose  or  above- 
ground  pipe  similar  to  that  used  to  supply  residences  after  the  1971  San 
Fernando  earthquake  (M6.4).    Electricity  must  be  restored  to  power  the  water 
supply  and  distribution  facilities. 

Damage  Assessments 

The  damage  assessments  below  have  been  postulated  for  major  water  supply 
facilities.    The  statements  regarding  the  performance  of  facilities  are  hypothetical 
and  are  intended  for  planning  purposes  only.   They  are  not  to  be  construed  as 
site-specific  engineering  evaluations.    Locations  of  facilities  are  shown  on  Map  W. 

For  emergency  planning  purposes,  the  scenario  addresses  mainly  the  initial  3  day 
response  period.    After  3  days,  repairs  and  response  will  be  dictated  by  the  real 
post-earthquake  situation.    The  out  of  service  times  indicated  below  assume  that 
equipment,  repair  materials,  access  to  the  damage  site,  and  response  personnel 
are  available.    If  they  are  not  available  for  each  lifeline,  then  priorities  must  be  set, 
and  certain  lifeline  elements  will  be  out  of  service  for  even  longer  periods. 
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MAP  NO.         WATER  SUPPLY 

W1  California  Aqueduct-San  Bernardino  Tunnel,  North  Portal 

Open. 

Water  from  northern  California  is  pumped  from  the  California 
Aqueduct  to  Silverwood  Lake,  which  serves  as  a  storage  basin  and 
contains  the  north  portal  of  the  San  Bernardino  Tunnel.    According 
to  Davis  and  others  (1982a,  p.  94),  an  1857-type  M8.0  event  on 
the  San  Andreas  fault  would  produce  "no  major  damage  to  aque- 
duct facilities  between  Lake  Silverwood  and  the  penstocks  and 
power  plant  at  Devils  Canyon." 

W2  California  Aqueduct-San  Bernardino  Tunnel,  South  Portal 

Open. 

The  south  portal  is  high  on  the  side  of  the  San  Bernardino 
Mountains  in  Devils  Canyon.   The  "metamorphic  and  granitic  rocks 
are  severely  fractured  and  deeply  weathered"  (Arnold,  1966., 
p.  59).    Although  seismically  induced  landsliding  in  the  area  will 
slightly  damage  the  old  penstock  (8.75-foot  diameter,  7,000-feet 
long),  the  new  penstock  will  remain  serviceable. 

W3  California  Aqueduct-Devils  Canyon  Hydroelectric  Power  Plant 

Open. 

The  placement  and  design  of  the  power  plant  were  carefully 
considered  from  a  geologic  standpoint  (Arnold,  1966,  p.  61).    There 
will  be  no  major  damage  to  aqueduct  facilities.    From  here,  the 
aqueduct  is  "a  single-barrel  buried  pipeline,  25  miles  (40  km)  long, 
from  Devils  Canyon  to  Perris  Reservoir"  (Arnold,  1966,  p.  61), 
which  is  the  terminal  reservoir  of  the  California  Aqueduct. 
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W4  Lytle  Creek  Pipeline 

Closed  for  5  to  10  days. 

Fault  displacement. 

This  jointly  operated  (SBVMWD/San  Gabriel  Valley  Municipal  Water 

District  (SGVMWD))  54  inch  pipeline  conveys  water  from  Devils 

Canyon  Power  Plant  at  an  elevation  of  1,920  feet  across  the  San 

Jacinto  fault  at  1,600  feet. 

"The  resulting  internal  water  pressure  in  this  pipeline  could  be 
about  150  pounds  per  square  inch.    Displacement  on  the  San 
Jacinto  Fault  in  the  vicinity  of  this  pipeline  would  likely  result  in 
significant  structural  damage  to  this  pipeline.   This  pipeline  may 
also  be  damaged  in  a  significant  earthquake  event  by  water 
hammer  effects  which  could  result  from  differential 
accelerations  of  the  pipeline  when  compared  to  the  mass  of 
water  contained  within  the  pipeline.   Liquefaction  events  in  the 
Lytle  Creek  wash  area  could  significantly  damage  this  pipeline 
as  well." 

"This  pipeline  presently  conveys  imported  State  Water  Project 
water  to  various  locations  for  groundwater  recharge.   This 
pipeline  is  not  presently  a  critical  domestic  or  municipal  water 
supply  facility  for  San  Bernardino  Valley  Municipal  Water 
District.    San  Bernardino  Valley  Municipal  Water  District  would 
not  attempt  to  repair  this  facility  as  a  first  priority  necessity.   A 
treatment  facility  may,  in  the  future,  be  built  near  the 
intersection  of  Riverside  Avenue  and  Linden  Avenue  in  Rialto. 
This  treatment  facility  will  likely  be  a  primary  need  and  make  the 
pipeline  a  priority  necessity"  (Fuller,  1992). 

W5  Foothill  Pipeline 

Closed  for  4  to  6  days. 

Moderate  liquefaction  potential. 

This  78  inch  pipeline  is  operated  by  SBVMWD. 

"Repairs  of  this  facility  would  not  be  high  in  priority  unless  the 
treatment  plants  served  by  the  facility  were  found  to  be 
undamaged  and  essential  and  the  local  water  supplies  were  not 
adequate  to  meet  the  demand  of  the  treatment  plants"  (Fuller, 
1992). 
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W6  Baseline  Feeder  Pipeline 

Closed  for  4  to  6  days. 

Moderate  liquefaction  potential. 

This  48  inch  pipeline  operated  by  SBVMWD  conveys  water 

extracted  from  wells  in  the  San  Bernardino  basin  across  the  San 

Jacinto  fault  to  the  Rialto-Colton  area. 

"...where  it  crosses  the  San  Jacinto  Fault  the  pipeline  has 
internal  pipeline  pressure  of  about  50  pounds  per  square  inch. 
Displacement  on  the  San  Jacinto  Fault  in  the  vicinity  of  this 
pipeline  would  likely  result  in  significant  damage  to  this  pipeline. 
This  pipeline  could  also  be  significantly  damaged  by  liquefaction 
events  and  by  water  hammer  effects.    The  water  supply 
provided  by  this  facility  is  reported  to  be  critical  by  the  retail 
water  agencies  which  receive  water  from  the  Baseline  Feeder. 
Repairs  on  this  pipeline  would  be  initiated  as  soon  as  possible" 
(Fuller,  1992). 

W7  California  Aqueduct-Fault  Crossing 

Closed  for  1  to  2  weeks. 

This  9-foot  diameter  pipeline  will  be  heavily  damaged  by  fault 
rupture  about  700  feet  north  of  Foothill  Boulevard  (Route  66). 
Photos  8a  and  8b  show  the  fault  trace  in  the  pipeline  trench.   The 
low  angle  at  which  the  pipeline  meets  the  3-foot  offset  of  the  San 
Jacinto  fault  will  produce  extensive  damage  due  to  compression. 
Furthermore,  "the  pipeline  at  this  location  is  under  high  pressure 
(750-foot  head)  and  rupture  could  result  in  discharge  of  a  significant 
volume  of  water  until  control  facilities  at  Devils  Canyon  are 
activated"  (Davis  and  others,  1982a).    The  Cajon-Lytle  Creek  Wash 
will  be  flooded  with  over  45  acre-feet  of  water,  which  will  be 
controlled  by  the  flood-control  facility  at  Foothill  Boulevard. 
Although  the  pipeline  is  in  a  zone  of  moderate  potential  for  lique- 
faction, it  is  beneath  38  feet  of  well-graded  artificial  fill  (Fife  and 
others,  1976).    Liquefaction  will  not  be  involved  in  the  damage  to 
the  pipeline  here. 
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W8  California  Aqueduct-Fault  Crossing 

Out  of  service  for  1  to  2  weeks. 

The  pipeline  will  be  heavily  damaged  by  fault  rupture.   The  low 
angle  at  which  the  aqueduct  twice  crosses  the  offset  of  the  San 
Jacinto  fault  will  produce  extensive  damage  due  to  extension  and 
compression. 

W9  California  Aqueduct-Santa  Ana  River  Crossing 

Out  of  service  for  1  to  2  weeks. 

The  aqueduct  pipeline  will  be  damaged  by  ground  movement  due  to 

moderate  liquefaction. 

W10  California  Aqueduct-Sugar  Loaf  Mountain  Crossing 

Out  of  service  for  1  to  2  weeks. 

Moderate  shaking  here  (MMI  VII)  will  be  sufficient  to  trigger 
landslides  that  will  move  part  of  the  Santa  Ana  Valley  Pipeline 
downslope.   The  break  in  this  pipeline  will  not  be  repairable  in  less 
than  a  week. 

W11  Colorado  River  Aqueduct  through  Bernasconi  Hills  Tunnel 

Open. 

This  tunnel  circumvents  potential  problems  due  to  seismically 
induced  landsliding  in  the  overlying  hills.    The  entrance  and  exit  to 
the  tunnel  are  over  1,000  feet  from  intervening  60  percent  slopes 
which  will  experience  soil  slides  that  are  unlikely  to  reach  the  open 
portion  of  the  aqueduct. 

W12  Colorado  River  Aqueduct-San  Jacinto  Tunnel 

Out  of  service  for  1  to  2  weeks. 

The  aqueduct  crosses  the  landslide-prone  San  Jacinto  Mountains  in 

a  tunnel  (Thompson,  1966). 
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"At  the  west  portal  of  this  tunnel  is  an  open  diversion  structure 
which  will  likely  be  buried  by  a  landslide.   The  landslide  will  fill 
the  aqueduct  requiring  several  days  to  clean  out.    Design  work 
has  begun  to  protect  the  diversion  structure"  (Won,  1992). 


W13  Rialto  Pipelines  (MWD  and  SGVMWD/SBVMWD) 

Open. 

These  two  10-foot  diameter  pipelines  will  be  slightly  damaged  by 
minor  fault  rupture.    Because  the  pipelines  meet  the  offset  of  the 
San  Jacinto  fault  at  nearly  right  angles,  the  amount  of  compression 
or  extension  will  be  small.    Although  there  will  be  some  distortion  of 
the  pipe,  no  actual  break  will  occur.   This  line  will  not  substitute  for 
the  main  aqueduct  because  it  serves  a  different  area  to  the  west. 

W14  Royer/Nesbitt  Filtration  Plant 

Closed  for  2  days. 
Strong  shaking  (MMI  VIII +  ) 
This  WFA  plant  handles  1 1  MGD. 

W15  Lloyd  Michael  Filtration  Plant 

Closed  for  2  days. 
Strong  shaking  (MMI  VIII +  ) 
This  WFA  plant  handles  30  MGD. 

W16  MWD  Foothill  Feeder 

Open. 

This  pipeline  will  be  undamaged  by  seismically  induced  landsliding  in 
the  overlying  hills. 
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W17  MWD  Glendora  Tunnel 

Open. 

This  15.5-foot  diameter  bore  from  Morris  Reservoir  to  the 
Weymouth  water  treatment  plant  will  be  undamaged  by  seismically 
induced  landsliding  in  the  overlying  hills. 

W18  MWD  Upper  Feeder  Pipeline 

Open. 

This  10-foot  diameter  pipeline  from  Monrovia  Tunnel  to  the 
Weymouth  water  treatment  plant  will  be  undamaged  by  seismically 
induced  landsliding  in  the  overlying  hills.   The  Azusa  Power  Plant 
conduit  crosses  the  line. 

W19  MWD  Upper  Feeder  -  Monrovia  Tunnel 

Open. 

This  10-foot  diameter  bore  from  Morris  Reservoir  to  the  Upper 
Feeder  will  be  undamaged  by  seismically  induced  landsliding  in  the 
overlying  hills. 

W20  F.  E.  Weymouth  Memorial  Filtration  Plant 

Open. 

Moderate  shaking  (MMI  VII) 

This  water  treatment  plant  (Proctor,  1966,  see  photo  p.  74),  in  an 
alluvial  area  19  miles  (30  km)  from  the  fault,  will  experience 
moderate  shaking  and  only  minor  damage. 
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W21  MWD  Foothill  Feeder 

Open. 

This  pipeline  will  be  damaged  by  liquefaction  as  it  passes  through 

the  San  Antonio  Creek  channel.   The  amount  of  extension  will  be 

modest.    Although  some  distortion  of  the  pipe  will  occur,  it  will  not 

break. 

W22  Agua  de  Lejos  Filtration  Plant 

Closed  for  1  day. 
Strong  shaking  (MMI  VIM-) 
This  WFA  plant  filters  70  million  gallons  per  day  (MGD). 

W23  MWD  Middle  Feeder 

Open. 

This  feeder  from  Weymouth  to  Los  Angeles  will  be  undamaged  by 
the  MMI  VII  shaking. 

W24  MWD  Orange  County  Feeder 

Open. 

This  feeder  from  Weymouth  to  Orange  County  will  be  undamaged 

by  the  MMI  VII  shaking. 

W25  MWD  Yorba  Linda  Feeder 

Closed  for  3  days. 

This  feeder  from  Weymouth  to  the  Diemer  Filtration  Plant  in 
northern  Orange  County  will  be  damaged  by  seismically  induced 
landsliding,  just  to  the  southwest  of  the  planning  area. 
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W26  MWD  Upper  Feeder 

Open. 

For  the  M~8  event  on  the  San  Andreas  fault,  Davis  and  others 
(1982a,  p.  95)  predicted  that  "water  deliveries  through  the  MWD 
Upper  Feeder  will  be  temporarily  interrupted  by  pipe  rupture  where 
this  major  transmission  line  crosses  the  Santa  Ana  River."     Since 
that  report  was  published,  this  pipeline  has  been  retrofitted  with 
isolation  bearings  and  should  not  fail  (Snyder  and  others,  1987). 

W27  MWD  Lower  Feeder 

Closed  for  1  day. 

The  Lower  Feeder  will  remain  undamaged  between  Lake  Mathews 
and  the  Elsinore  fault  on  the  southwest  border  of  the  planning  area. 
Nevertheless,  the  pipeline  crosses  the  Santa  Ana  River  just  outside 
the  planning  area,  where  it  will  sustain  moderate  damage. 

W28  Henry  J.  Mills  Filtration  Plant 

Open. 

Moderate  shaking  (MMKVII) 

This  water  treatment  plant,  in  an  upland  area  8  miles  (13  km)  from 
the  fault,  will  experience  moderate  shaking  and  only  minor  damage. 

W29  San  Diego  Aqueduct  (Pipelines  1  and  2) 

Closed  for  2  days. 

The  San  Diego  Aqueduct  will  be  damaged  where  it  crosses  an  area 
of  moderate  liquefaction  potential  along  Santa  Gertrudis  Creek. 
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W30  Skinner  Filtration  Plant 

Open. 

Moderate  shaking  (MMI  VII) 

This  water  treatment  plant,  22  miles  (36  km)  from  the  fault  rupture, 
will  have  only  minor  damage. 

W31  San  Diego  Canal 

Open. 

The  San  Diego  Canal  will  remain  undamaged  as  it  crosses  this  area 
of  moderate  liquefaction  potential  along  Santa  Gertrudis  Creek. 
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SCENARIO  MAPS  AND  DAMAGE  ASSESSMENTS 

ARE  INTENDED  FOR  EMERGENCY  PLANNING 

PURPOSES  ONLY 


THEY  ARE  BASED  UPON  THE  FOLLOWING  HYPOTHETICAL 
CHAIN  OF  EVENTS: 

1.  A  PARTICULAR  EARTHQUAKE  OCCURS 

2.  VARIOUS  LOCALITIES  IN  THE  PLANNING  AREA 
EXPERIENCE  A  SPECIFIC  TYPE  OF  SHAKING  OR  GROUND 
FAILURE 

3.  CERTAIN  CRITICAL  FACILITIES  UNDERGO  DAMAGE  AND 
OTHERS  DO  NOT 

THE  CONCLUSIONS  REGARDING  THE  PERFORMANCE  OF 
FACILITIES  ARE  HYPOTHETICAL  AND  NOT  TO  BE  CONSTRUED 
AS  SITE-SPECIFIC  ENGINEERING  EVALUATIONS.  FOR  THE 
MOST  PART,  DAMAGE  ASSESSMENTS  ARE  STRONGLY 
INFLUENCED  BY  THE  SEISMIC  INTENSITY  DISTRIBUTION  MAP 
DEVELOPED  FOR  THIS  PARTICULAR  SCENARIO  EARTHQUAKE. 
THERE  IS  DISAGREEMENT  AMONG  INVESTIGATORS  AS  TO 
THE  MOST  REALISTIC  MODEL  FOR  PREDICTING  SEISMIC 
INTENSITY  DISTRIBUTION.  NONE  HAVE  BEEN  FULLY  TESTED 
AND  EACH  WOULD  YIELD  A  DIFFERENT  EARTHQUAKE 
PLANNING  SCENARIO.  FACILITIES  THAT  ARE  PARTICULARLY 
SENSITIVE  TO  EMERGENCY  RESPONSE  WILL  REQUIRE  A 
DETAILED  GEOTECHNICAL  STUDY. 

THE  DAMAGE  ASSESSMENTS  ARE  BASED  UPON  THIS  SPECIFIC 
SCENARIO.  AN  EARTHQUAKE  OF  SIGNIFICANTLY  DIFFERENT 
MAGNITUDE  ON  THIS  OR  ANY  ONE  OF  MANY  OTHER  FAULTS 
IN  THE  PLANNING  AREA  WILL  RESULT  IN  A  MARKEDLY 
DIFFERENT  PATTERN  OF  DAMAGE. 
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WASTE  WATER 

General  Characteristics 

The  waste  water  collection,  treatment,  and  disposal  systems  in  the  planning  area 
are  widely  scattered,  and  are  operated  by  various  independent  entities.   The 
locations  of  waste  water  treatment  plants  (WWTP)  that  will  be  impacted  by  the 
earthquake  in  widely  differing  ways  are  shown  on  Map  WW.    We  have  attempted 
to  show  the  WWTP's  serving  the  densely  urban  areas,  and  those  in  the  area  of 
anticipated  ground  deformation.   The  treatment  system  for  each  plant  generally 
consists  of: 

1.  The  major  collection  and  treatment  plant  with  its  outfall  lines  and 
pumping  facilities  discharging  effluent  into  the  Santa  Ana  River  and  its 
tributaries,  or  to  the  ground  water  system. 

2.  Primary  interceptor  conduits  which  carry  waste  water  to  the  treatment 
plants. 

3.  Secondary  transmission  lines  in  streets  or  other  rights  of  way. 

4.  Service  lines  from  customers  to  secondary  transmission  lines. 

5.  Vital  utility  services  such  as  electric  power  and  fresh  water. 

Most  of  the  Water  Districts  in  the  area  collect  and  distribute  both  fresh  water  and 
waste  water  (Kurt  Berchtold,  California  Regional  Water  Quality  Control  Board, 
Santa  Ana  Region).   Western  Municipal  Water  District,  San  Bernardino  Valley 
Municipal  Water  District,  and  the  Chino  Basin  Municipal  Water  District  do  not 
perform  fresh  water  functions. 

The  following  district  and  city  plants  (greater  than  25  million  gallons  per  day) 
provide  waste  water  collection,  treatment,  reuse,  and  disposal  services  for  the 
4  million  residents  and  the  many  commercial  and  industrial  facilities  in  the  area. 
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These  agencies  are: 

1 .  The  City  of  San  Bernardino  Water  Department,  which  serves  most  of 
the  residents  in  San  Bernardino. 

2.  The  City  of  Riverside  Water  Department. 

3.  The  Chino  Basin  MWD. 

4.  Eastern  MWD. 

5.  Many  municipal  waste  water  agencies  operate  small  collection  systems 
that  feed  waste  water  to  the  interceptors  of  the  agencies  listed  above  or 
to  separate  small  plants  such  as  San  Bernardino  County  special  districts  - 

Lytle  Creek  and  north  Riverside  County. 

Underground  waste  water  pipelines  will  perform  reasonably  well  in  areas  of 
moderate  ground  shaking.    However,  significant  damage  will  occur  at  fault 
crossings,  and  in  liquefaction  areas  where  ground  shaking  of  MMI  IX  together 
with  ground  settlements  are  predicted.    Failure  will  occur  at  connections  between 
service  lines  and  other  facilities  and  at  places  where  dense  soil  meets  loose  soil. 
A  network  of  thousands  of  miles  of  primary  and  secondary  transmission  lines  and 
customer  service  lines  covers  the  planning  area.   The  pipes  range  from  6  to  144 
inches  in  diameter. 

Seismic  Considerations 

The  principal  treatment  plants  are  widely  scattered  and  will  have  widely  varying 
problems  as  a  result  of  the  earthquake.   The  most  vulnerable  plants  will 
experience  high  shaking  along  with  ground  failure.    Power  outages  will  affect 
some  of  the  plants  as  well,  but  such  interruptions  will  be  only  temporary.    None 
of  the  known  main  waste  water  interceptor  lines  traverse  the  fault  zone,  but  two 
of  them  cross  areas  with  moderate  liquefaction  potential  west  and  south  of  Chino 
(Map  WW). 
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The  EERI  "Loma  Prieta  Earthquake  Reconnaissance  Report"  (May  1990)  states 
that  regional  waste  water  plants  in  the  San  Francisco  and  Oakland  areas  had  no 
major  structural  damage;  however,  the  loss  of  power  caused  some  short-time 
releases  of  sewage  into  the  Pacific  Ocean  and  San  Francisco  Bay.    The  Oakland 
regional  plant  lost  power  for  several  hours.   There  was  miscellaneous  damage  to 
equipment  in  many  plants  due  to  sloshing.    Some  concrete  outfall  lines  and 
pressurized  pipe  lines  cracked  and  leaked.   The  1989  Loma  Prieta  earthquake 
(M7)  demonstrated  again  the  vital  importance  of  emergency  power  facilities,  most 
of  which  performed  well.   The  MMI  levels  of  ground  shaking  are  generally  higher 
for  the  San  Jacinto  scenario  earthquake  than  those  experienced  in  the  Loma 
Prieta  event.    Extensive  urban  areas  will  have  MMI  VIII.   This  contrasts  with  the 
small  mostly  rural  area  that  had  MMI  VIII  in  the  Loma  Prieta  earthquake. 

No  damage  has  been  reported  to  waste  water  systems  in  the  planning  area  as  a 
result  of  the  nearby  1992  June  28  Landers  earthquake  (M7.5).   Water  and  waste 
water  systems  were  damaged  in  Yucca  Valley  and  Landers  near  the  epicenter, 
leaving  some  customers  without  water  for  up  to  2  weeks  (EERI,  1992). 

The  1992  June  28  Big  Bear  earthquake  of  Ms6.6  created  power  outages  that 
lasted  several  days.   The  emergency  generator  at  the  Big  Bear  waste  water 
treatment  plant  was  knocked  off  its  foundation  and  the  plant  had  major  structural 
damage.    Half  of  the  plant  was  still  out  4  months  later  (Thibeault,  1992). 

In  addition  to  the  loss  of  sanitary  sewer  service  to  hundreds  of  thousands  of 
people,  there  will  be  some  contamination  resulting  from  the  discharge  of 
emergency-treated  raw  sewage  to  the  Santa  Ana  River.    As  mentioned  in  the 
Water  chapter,  restoration  of  fresh  water  lines  and  service  connections  will  have 
to  be  phased  with  restoration  of  waste  water  lines  to  protect  against 
contamination  from  leaking  pipes. 
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Planning  Considerations 

The  lifeline  damage  caused  by  the  1989  Loma  Prieta  earthquake  (M7),  reinforced 
lessons  learned  in  many  previous  earthquakes.   The  EERI  1990  report  offered 
numerous  recommendations  applicable  to  water  and  waste  water  systems.    Refer 
to  Planning  Considerations  in  the  Water  Supply  chapter  for  a  summary  of  these 
recommendations. 

Planning  Scenario 

Damage  to  the  waste  water  system  will  result  in  the  loss  of  sanitary  facilities  and 
contamination  of  the  Santa  Ana  River  for  up  to  several  weeks. 

Collection  System 

Secondary  transmission  lines  crossing  the  fault  zone  will  be  severely  damaged, 
reducing  total  capacity  and  flow  into  the  treatment  plants.    Damage  to  main  lines 
and  secondary  lines  outside  of  the  fault  zone  in  areas  of  liquefaction  and  heavy 
earth  shaking  also  will  reduce  capacities.   Waste  water  leaking  from  damaged 
piping  systems  will  flow  into  flood  control  channels,  streets,  open  trenches,  and 
low-lying  areas,  eventually  reaching  ground  water  levels  or  the  Santa  Ana  River. 

Treatment  Plants 

Most  of  the  waste  water  treatment  plants  in  the  planning  area  consist  of  facilities 
built  in  the  1960's  and  1970's,  with  subsequent  additions  as  the  population  has 
grown.    Some  of  these  additions  are  recent,  incorporating  new  treatment 
technologies  and  equipment.   The  most  vulnerable  of  the  plants  are  located  in  the 
Santa  Ana  River  basin  in  areas  of  potential  liquefaction  and  projected  MMI  VIII 
and  IX  shaking.   There  will  be  damage  to  equipment  due  to  sloshing  and  breaks  in 
piping  and  connections  due  to  liquefaction  and  shaking.   The  plants  have  limited 
emergency  power  capability,  and  will  have  to  shut  down  for  lack  of  electrical 
power  and  fresh  water.    These  shut-downs  will  result  in  the  discharge  of  raw  or 
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emergency  treated  sewage  into  the  surrounding  areas  leading  to  contamination  of 
ground  water  and  the  Santa  Ana  river  for  up  to  several  weeks.   This  problem  has 
the  attention  of  the  California  Regional  Quality  Control  Board,  Santa  Ana  Region 
(Thibeault,  1992). 

Damage  Assessments 

Damage  assessments  have  been  postulated  for  certain  waste  water  facilities  as 
set  forth  below.   The  statements  regarding  performance  of  facilities  are 
hypothetical  and  are  intended  for  planning  purposes  only.   They  are  not  to  be 
construed  as  site-specific  engineering  evaluations. 

The  out-of-service  times  resulting  from  the  following  damage  assessments  could 
vary  from  a  few  days  to  several  weeks  depending  on  the  extent  of  damage  to 
piping  and  connections  and  to  structural,  mechanical,  and  electrical  components. 
A  critical  factor  will  be  the  length  of  time  required  for  restoration  of  fresh  water 
supplies  to  the  waste  water  treatment  plants. 


MAP  NO- 


WASTE  WATER 


WW1 


Lytle  Creek  Treatment  Plant 

MMI  IX 

Ground  shaking  damages  this  plant,  releasing  sewage  into  Lytle 

Creek. 


WW2 


Glen  Helen  Treatment  Plant 

MMI  IX 

Liquefaction  ground  failure  damages  this  plant,  releasing  sewage 

into  Lytle  Creek. 
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WW3  Sewer  Lines  Crossing  the  Fault  Zone 

MMI  IX 

Secondary  transmission  lines  and  service  lines  are  damaged  by  fault 
displacement,  releasing  sewage  and  contaminating  the  soil. 

WW4  California  Steel  Treatment  Plant 

MMI  VIII- 

This  plant  is  damaged  by  ground  shaking  and  liquefaction, 
discharging  sewage  locally. 

WW5  Rialto  Treatment  Plant 

MMI  IX 

Ground  shaking  results  in  a  loss  of  function  of  the  plant,  releasing 
sewage  into  the  Santa  Ana  River. 

WW6  Colton  Treatment  Plant 

MMI  IX 

Ground  shaking  and  minor  liquefaction  results  in  loss  of  function  of 
this  plant,  releasing  sewage  into  the  nearby  Santa  Ana  River. 

WW7  Riverside  City  Treatment  Plant 

MMI  VIII  + 

This  major  plant  is  damaged  by  ground  shaking  and  by  ground 
failure  due  to  liquefaction.   Sewage  will  be  released  into  the  Santa 
Ana  River  and  other  low-lying  areas. 

WW8  San  Bernardino  Sewer  Lines 

MMI  IX 

Secondary  transmission  lines  and  service  lines  are  damaged  by 
severe  ground  shaking,  and  liquefaction  ground  failure,  releasing 
sewage  and  contaminating  the  fresh  water  supply. 
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WW9 


Norton  Air  Force  Base 

MMI  IX 

Liquefaction  damage  results  in  loss  of  function  of  this  plant,  and  in 
raw  sewage  discharging  into  the  Santa  Ana  River  and  other  low- 
lying  areas. 


WW10  Redlands  Treatment  Plant 

MMI  VIII  + 

Damage  due  to  ground  shaking  results  in  loss  of  function  of  this 
plant,  and  in  raw  sewage  discharging  into  the  Santa  Ana  River  and 
other  low-lying  areas. 

WW11  San  Bernardino  No.  1  Treatment  Plant 

MMI  IX 

Liquefaction  and  shaking  damage  results  in  loss  of  function  to  this 
major  plant,  and  in  raw  sewage  discharging  into  the  Santa  Ana  River 
and  other  low-lying  areas. 

WW12  Yucaipa  Valley  Treatment  Plant 

MMI  VIII  + 

Shaking  produces  sloshing  that  damages  this  plant,  releasing 

sewage  to  nearby  low-lying  areas. 
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SCENARIO  MAPS  AND  DAMAGE  ASSESSMENTS 

ARE  INTENDED  FOR  EMERGENCY  PLANNING 

PURPOSES  ONLY 


THEY  ARE  BASED  UPON  THE  FOLLOWING  HYPOTHETICAL 
CHAIN  OF  EVENTS: 

1.  A  PARTICULAR  EARTHQUAKE  OCCURS 

2.  VARIOUS  LOCALITIES  IN  THE  PLANNING  AREA 
EXPERIENCE  A  SPECIFIC  TYPE  OF  SHAKING  OR  GROUND 
FAILURE 

3.  CERTAIN  CRITICAL  FACILITIES  UNDERGO  DAMAGE  AND 
OTHERS  DO  NOT 

THE  CONCLUSIONS  REGARDING  THE  PERFORMANCE  OF 
FACILITIES  ARE  HYPOTHETICAL  AND  NOT  TO  BE  CONSTRUED 
AS  SITE-SPECIFIC  ENGINEERING  EVALUATIONS.  FOR  THE 
MOST  PART,  DAMAGE  ASSESSMENTS  ARE  STRONGLY 
INFLUENCED  BY  THE  SEISMIC  INTENSITY  DISTRIBUTION  MAP 
DEVELOPED  FOR  THIS  PARTICULAR  SCENARIO  EARTHQUAKE. 
THERE  IS  DISAGREEMENT  AMONG  INVESTIGATORS  AS  TO 
THE  MOST  REALISTIC  MODEL  FOR  PREDICTING  SEISMIC 
INTENSITY  DISTRIBUTION.  NONE  HAVE  BEEN  FULLY  TESTED 
AND  EACH  WOULD  YIELD  A  DIFFERENT  EARTHQUAKE 
PLANNING  SCENARIO.  FACILITIES  THAT  ARE  PARTICULARLY 
SENSITIVE  TO  EMERGENCY  RESPONSE  WILL  REQUIRE  A 
DETAILED  GEOTECHNICAL  STUDY. 

THE  DAMAGE  ASSESSMENTS  ARE  BASED  UPON  THIS  SPECIFIC 
SCENARIO.  AN  EARTHQUAKE  OF  SIGNIFICANTLY  DIFFERENT 
MAGNITUDE  ON  THIS  OR  ANY  ONE  OF  MANY  OTHER  FAULTS 
IN  THE  PLANNING  AREA  WILL  RESULT  IN  A  MARKEDLY 
DIFFERENT  PATTERN  OF  DAMAGE. 
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NATURAL  GAS 

General  Characteristics 

Natural  gas  supplies  for  southern  California  are  imported  from  sources  outside  the 
area  through  large  pressurized  pipelines.    Major  transmission  pipelines  from 
Arizona,  New  Mexico,  and  Oklahoma  enter  the  planning  area  from  the  east 
through  Cajon  and  San  Gorgonio  passes.   These  transmission  lines  traverse 
extensive  areas  subject  to  severe  ground  shaking  and  potential  for  ground  failure 
caused  by  the  projected  scenario  earthquake.    In  addition,  these  major  supply 
lines  cross  the  San  Jacinto  fault  where  earth  movements  averaging  3  feet  are 
postulated. 

Other  elements  of  the  natural  gas  supply  system  consist  of  pumping  stations, 
distribution  trunk  lines,  and  service  pipelines  to  users.   There  are  no  compressor 
stations  in  the  planning  area,  the  nearest  station  being  located  east  of  Palm 
Springs.   The  San  Diego  Gas  &  Electric  Utility  has  a  pumping  station  in  Moreno 
Valley  (near  Perris),  but  this  does  not  serve  the  planning  area.   There  are  five 
underground  storage  fields  in  the  Los  Angeles  basin.   The  nearest  to  the  planning 
area  is  located  in  Whittier,  20  miles  (32  km)  west  of  Chino. 

The  Southern  California  Gas  Company  (SoCal  Gas  Company)  serves  all  of  the 
natural  gas  customers  in  the  planning  area.    Its  headquarters  is  located  in  a  new 
one-story  building  in  Redlands  designed  for  a  seismic  acceleration  of  0.50g. 
SoCal  Gas  Company  has  had  a  long  standing  emergency  preparedness  program 
which  coordinates  with  the  State  Office  of  Emergency  Services  (OES)  and  other 
local  emergency  service  agencies  (Bernal,  1992). 

Routes  of  the  major  gas  transmission  pipelines  and  major  distribution  trunk  lines 
are  shown  on  Map  G. 
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Seismic  Considerations 

The  primary  impact  on  natural  gas  facilities  will  be  the  widespread  damage  to 
transmission  and  distribution  system  pipelines  resulting  from  surface  rupture 
along  the  fault  zone.    Displacements  averaging  3  feet  across  the  fault  zone  will 
cause  numerous  breaks  in  mains,  valves,  and  service  connections.   Secondary 
ground  failures  resulting  from  liquefaction  will  result  in  many  additional  breaks  in 
the  system.    Fires  will  occur  due  to  broken  gas  mains  and  service  connections. 

The  gas  supply  west  of  the  fault  zone  will  be  interrupted  wherever  large  diameter 
transmission  pipelines  are  damaged  by  fault  offset.    Elsewhere,  the  gas 
transmission  and  distribution  system  is  vulnerable  to  damage  from  landslides  and 
liquefaction. 

Major  gas  transmission  lines  (diameter  >  16  inches)  cross  the  fault  zone  at  four 
locations,  as  shown  on  Map  G: 

1.  Lytle  Canyon  (G4) 

2.  Lytle  Canyon  (G5) 

3.  Allesandro  Boulevard  (G14) 

4.  San  Jacinto  Valley  (G16) 

Breaks  and  leaks  will  occur  in  the  distribution  system  throughout  the  planning 
area,  particularly  in  the  zone  of  fault  rupture  and  in  areas  of  liquefaction.   The 
areas  of  potential  liquefaction  are  in  Cajon  Canyon,  along  the  Santa  Ana  River, 
and  in  San  Bernardino  on  the  northeast  side  of  the  fault. 

According  to  SoCal  Gas  Company,  vulnerability  to  damage  from  ground  shaking 
has  been  reduced  within  the  distribution  system  since  the  1971  San  Fernando 
earthquake  (M6.4).    This  improvement  is  largely  due  to  replacement  of  steel  pipe 
(and,  in  some  instances,  cast  iron  pipe)  with  medium  density  polyethylene  plastic 
pipe  having  ductile  properties  that  resist  damage  from  earth  movements.    About 
90  percent  of  all  pipe  replacements  of  4-inch  diameter  and  less  are  made  with 
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plastic  pipe.    Large  diameter  steel  transmission  pipelines  are  fabricated  with 
0.375  inch  to  0.500  inch  wall  thickness  and  are  arc  welded.   These  have 
performed  well  in  past  earthquakes.   The  greatest  vulnerability  to  damage  is  in 
the  distribution  system,  at  the  service  to  mains  connections.    According  to  Bernal 
(1992),  "there  were  no  major  pipeline  breaks  or  leaks"  in  any  of  the  recent  events 
at  Palm  Springs,  Whittier,  Sierra  Madre,  Landers,  and  Big  Bear. 

Segments  of  the  major  gas  transmission  lines  that  serve  all  three  of  the  region's 
electrical  power  generating  plants  are  vulnerable  to  damage  resulting  from  ground 
movements  along  the  San  Jacinto  fault.   These  plants  are: 


Facility 

County 

Generating 
Capacity  MW 

Utility 

Etiwanda  Power  Plant 
Highgrove  Power  Plant 
San  Bernardino  Power  Plant 

San  Bernardino 

Riverside 

San  Bernardino 

904 
154 
126 

SCE 
SCE 
SCE 

These  three  power  plants  do  not  normally  operate  and  are  used  for  standby 
purposes.   They  are  not  critical  as  major  sources  of  electric  power,  although  the 
large  Etiwanda  plant  could  become  an  important  emergency  generating  facility. 
Emergency  power  is  available  from  outside  the  planning  area. 

Eight  power  plants  included  in  the  Newport-lnglewood  Scenario  (Toppozada  and 
others,  1988)  derive  much  of  their  gas  supplies  from  the  pipelines  crossing  the 
San  Bernardino  area.    However,  like  the  above,  all  of  these  plants  use  oil  as  an 
alternate  fuel,  and  could  operate  without  gas  supplies. 

Planning  Considerations 


Transmission  and  distribution  line  damage  will  occur  along  the  fault  zone  and 
within  3  miles  on  either  side,  and  in  the  areas  having  liquefaction  or  seismically 
induced  landslides.    Repairs  to  damaged  pipelines  resulting  from  fault  ruptures 
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across  the  multitude  of  residential  streets  and  major  traffic  arteries  will  take  about 
a  week  and  will  pose  a  formidable  challenge.   The  gas  service  company  considers 
their  residential  customers  and  places  of  assembly  such  as  schools  to  be  first  in 
order  of  importance  in  their  emergency  response  program.    Hospitals  and  other 
critical  users  normally  have  alternate  sources  of  fuel,  but  these  users  will  also  be 
impacted. 

Planning  Scenario 

The  1971  San  Fernando  earthquake  (M6.4)  resulted  in  disruption  of  service  to 
over  17,000  customers.    After  the  1989  Loma  Prieta  earthquake  (M7),  Pacific 
Gas  and  Electric  restored  service  to  over  150,000  customers  whose  gas  service 
had  been  turned  off.    In  both  cases  the  main  reason  for  gas  termination  was  due 
to  customer  panic  and  not  to  broken  lines.   Within  a  week,  service  was  restored 
to  customers  with  undamaged  piping.    Main  gas  transmission  and  large  diameter 
distribution  mains  experienced  only  three  leaks.   There  was  extensive  damage  to 
distribution  lines  in  the  unstable  soil  areas  in  the  Marina  District.    This  required 
the  replacement  of  10  miles  (16  km)  of  cast  iron  and  steel  distribution  mains  with 
polyethylene  plastic  pipe.    Structural  fires  fueled  by  gas  leaks  led  to  a 
conflagration  in  the  Marina  District.    Water  for  fighting  the  fires  was  mostly 
unavailable  due  to  breaks  in  the  water  lines.    A  larger  conflagration  was  averted 
by  using  fireboats  and  5,000  feet  of  portable  fire  hose  to  draw  water  from  the 
Marina  Lagoon  (EERI,  1990).    In  the  1992  June  28  earthquake,  unbraced  hot 
water  tanks  in  Landers  broke  their  propane  line  connections,  resulting  in  several 
fires  (EERI,  1992). 

Service  disruptions  resulting  from  the  scenario  earthquake  will  be  in  the  tens  of 
thousands,  mostly  from  customers  turning  off  their  own  gas  by  mistake. 
Scattered  fires  will  occur  along  the  SJFZ,  and  in  areas  of  liquefaction,  particularly 
in  San  Bernardino. 
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Repairs  to  main  transmission  facilities  can  be  accomplished  more  rapidly  than 

repairs  to  distribution  systems,  and  will  be  completed  first.    Restoration  within  the 

distribution  system  is  a  gradual  process: 

"Unlike  electricity,  which  can  usually  be  turned  off  and  on  at  will,  the 
restoration  of  gas  service  is  an  expensive  and  time  consuming  task.    If 
a  pipeline  is  broken,  or  part  of  a  distribution  network  loses  all  pressure, 
every  customer  being  supplied  from  that  network  must  individually  be 
shut  down  before  repressuring  can  begin.   To  prevent  explosions,  the 
entire  system  of  mains,  feeders,  and  service  lines  in  the  affected  area 
must  be  purged  before  pilot  lights  can  be  relighted  and  service 
restored.    In  addition,  extensive  gas  leak  detection  surveys  may  be 
needed,  using  flame  ionization  equipment  throughout  the  affected 
area"  (LNG  Task  Force,  1980). 

Twenty  percent  of  the  areas  supplied  by  lines  that  cross  the  SJFZ  will  be  without 
gas  for  up  to  1  week.    Repair  times  for  different  facilities  in  different  areas,  will 
depend  on  priorities  yet  to  be  determined  by  emergency  planners. 

Damage  Assessments 

Damage  assessments  have  been  postulated  for  certain  natural  gas  facilities  as  set 
forth  below.    Although  SoCal  Gas  Company  considers  that  transmission  lines  that 
are  not  oxy-acetylene  welded  are  not  likely  to  be  damaged,  prudent  planning 
should  consider  some  disruption.   The  gas  system  has  loops  and  feeds  that  allow 
breaks  to  be  isolated  and  much  of  the  affected  area  to  be  reopened.   The 
statements  regarding  the  performance  of  specific  facilities  are  hypothetical  and 
are  intended  for  planning  purposes  only.   They  are  not  to  be  construed  as  site- 
specific  engineering  evaluations.    Locations  of  facilities  are  shown  on  Map  G. 

For  emergency  planning  purposes,  the  scenario  addresses  mainly  the  initial  3  day 
response  period.    After  3  days,  repairs  and  response  will  be  dictated  by  the  real 
post-earthquake  situation.    The  out-of-service  times  indicated  below  assume  that 
equipment,  repair  materials,  access  to  the  damage  site,  and  response  personnel 
are  available.    If  they  are  not  available  for  each  lifeline,  then  priorities  must  be  set, 
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and  certain  lifeline  elements  will  be  out  of  service  for  even  longer  periods.    It  is 
unlikely  that  all  the  following  breaks  will  occur  simultaneously.   Typical  repair 
times  for  the  assessments  listed  below  will  be  from  3  to  7  days  (Bernal,  1992). 

MAP  NO.         NATURAL  GAS 

G1        Cajon  Canyon  -  Major  Transmission  Pipeline 

Liquefaction  ground  failure  has  caused  a  break  in  this  36  inch  pipeline 
in  Cajon  Canyon. 

G2        Cajon  Canyon  -  Major  Transmission  Pipeline 

Liquefaction  ground  failure  has  caused  a  break  in  this  36  inch  pipeline 
in  Cajon  Canyon. 

G3        Devils  Canyon  -  Major  Distribution  Trunk  Line 

Liquefaction  ground  failure  has  caused  a  break  in  this  pipeline  in  Devils 
Canyon. 

G4        Lytle  Canyon  -  Major  Transmission  Pipeline 

Surface  fault  rupture  has  caused  a  break  in  this  major  36  inch 
transmission  pipeline  along  a  strand  of  the  San  Jacinto  fault  near 
Interstate  15. 

G5        Lytle  Canyon  -  Major  Transmission  Pipeline 

Surface  fault  rupture  along  with  lateral  movement  caused  by 
liquefaction  has  caused  a  break  in  this  major  36  inch  transmission 
pipeline  along  a  strand  of  the  San  Jacinto  fault  immediately  south  of 
Interstate  15. 
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G6        Lytle  Creek  Wash  -  Major  Distribution  Trunk  Line 

Fault  surface  rupture  along  with  lateral  movement  caused  by 
liquefaction  has  caused  a  break  in  this  major  distribution  trunk  line  in 
Lytle  Creek  Wash  along  a  strand  of  the  San  Jacinto  fault  about  0.62 
mile  (1  km)  north  of  Highway  66. 

G7        San  Bernardino  -  Major  Distribution  Trunk  Line 

Fault  surface  rupture  along  with  lateral  movement  caused  by 
liquefaction  has  caused  a  break  in  this  major  distribution  trunk  line 
across  a  strand  of  the  San  Jacinto  fault  near  the  junction  of  Lytle 
Creek  Channel  and  Colton  Avenue. 

G8        San  Bernardino  -  Major  Distribution  Trunk  Line 

Lateral  movement  caused  by  liquefaction  has  caused  a  break  in  this 
major  distribution  trunk  line  across  the  Santa  Ana  River  along 
Tippecanoe  Avenue  south  of  Norton  AFB. 

G9        San  Bernardino  -  Major  Distribution  Trunk  Line 

A  major  landslide  and  fault  rupture  has  destroyed  several  hundred  feet 
of  pipeline  near  the  San  Bernardino-Riverside  county  line. 

G10        Riverside  -  Major  Distribution  Trunk  Line 

Lateral  movement  caused  by  liquefaction  in  the  Santa  Ana  River 
drainage  has  caused  a  break  in  this  major  pipeline. 

G11         Riverside  -  Major  Transmission  Pipeline 

Lateral  movement  caused  by  liquefaction  in  the  Santa  Ana  River 
drainage  has  caused  a  break  in  this  major  30  inch  pipeline. 
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G12        Riverside  -  Major  Transmission  Pipeline 

Lateral  movement  caused  by  liquefaction  to  the  east  of  Corona  has 
caused  a  break  in  this  major  30  inch  pipeline. 

G13        The  Badlands  -  Major  Transmission  Pipeline 

A  major  landslide  between  San  Timoteo  Canyon  and  the  San  Jacinto 
Valley  has  destroyed  several  hundred  feet  of  this  30  inch  pipeline  near 
Highway  60. 

G14        Allesandro  Boulevard  -  Major  Transmission  Pipeline 

Surface  fault  rupture  has  caused  a  break  in  this  major  30  inch 
transmission  pipeline  along  a  strand  of  the  San  Jacinto  fault  on  the 
south  side  of  Allesandro  Boulevard. 

G15        The  Badlands  -  Major  Transmission  Pipeline 

A  major  landslide  in  The  Badlands  east  of  the  San  Jacinto  Valley  has 
destroyed  several  hundred  feet  of  this  30  inch  pipeline. 

G16        San  Jacinto  Valley  -  Major  Transmission  Pipeline 

Surface  fault  rupture  has  damaged  this  major  30  inch  transmission 
pipeline  along  a  strand  of  the  San  Jacinto  fault  on  the  south  side  of 
Allesandro  Boulevard. 

G17        The  Badlands  -  Major  Transmission  Pipeline 

A  major  landslide  east  of  the  San  Jacinto  Valley  has  destroyed  several 
hundred  feet  of  this  36  inch  pipeline  in  The  Badlands. 

G18        San  Bernardino  -  Major  Distribution  Trunk  Line 

Lateral  movement  caused  by  liquefaction  in  the  City  of  San  Bernardino 
has  caused  a  break  in  this  major  pipeline. 
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i 

G19        Cajon  Canyon  -  Major  Distribution  Trunk  Line 

Lateral  movement  caused  by  liquefaction  has  caused  a  break  in  this 
major  pipeline. 

G20        San  Bernardino  Distribution  System 

Liquefaction  ground  failures  lead  to  tens  of  thousands  of  service 
disruptions,  resulting  in  scattered  localized  fires. 
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SCENARIO  MAPS  AND  DAMAGE  ASSESSMENTS 

ARE  INTENDED  FOR  EMERGENCY  PLANNING 

PURPOSES  ONLY 


THEY  ARE  BASED  UPON  THE  FOLLOWING  HYPOTHETICAL 
CHAIN  OF  EVENTS: 

1.  A  PARTICULAR  EARTHQUAKE  OCCURS 

2.  VARIOUS  LOCALITIES  IN  THE  PLANNING  AREA 
EXPERIENCE  A  SPECIFIC  TYPE  OF  SHAKING  OR  GROUND 
FAILURE 

3.  CERTAIN  CRITICAL  FACILITIES  UNDERGO  DAMAGE  AND 
OTHERS  DO  NOT 

THE  CONCLUSIONS  REGARDING  THE  PERFORMANCE  OF 
FACILITIES  ARE  HYPOTHETICAL  AND  NOT  TO  BE  CONSTRUED 
AS  SITE-SPECIFIC  ENGINEERING  EVALUATIONS.  FOR  THE 
MOST  PART,  DAMAGE  ASSESSMENTS  ARE  STRONGLY 
INFLUENCED  BY  THE  SEISMIC  INTENSITY  DISTRIBUTION  MAP 
DEVELOPED  FOR  THIS  PARTICULAR  SCENARIO  EARTHQUAKE. 
THERE  IS  DISAGREEMENT  AMONG  INVESTIGATORS  AS  TO 
THE  MOST  REALISTIC  MODEL  FOR  PREDICTING  SEISMIC 
INTENSITY  DISTRIBUTION.  NONE  HAVE  BEEN  FULLY  TESTED 
AND  EACH  WOULD  YIELD  A  DIFFERENT  EARTHQUAKE 
PLANNING  SCENARIO.  FACILITIES  THAT  ARE  PARTICULARLY 
SENSITIVE  TO  EMERGENCY  RESPONSE  WILL  REQUIRE  A 
DETAILED  GEOTECHNICAL  STUDY. 

THE  DAMAGE  ASSESSMENTS  ARE  BASED  UPON  THIS  SPECIFIC 
SCENARIO.  AN  EARTHQUAKE  OF  SIGNIFICANTLY  DIFFERENT 
MAGNITUDE  ON  THIS  OR  ANY  ONE  OF  MANY  OTHER  FAULTS 
IN  THE  PLANNING  AREA  WILL  RESULT  IN  A  MARKEDLY 
DIFFERENT  PATTERN  OF  DAMAGE. 
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PETROLEUM 

General  Characteristics 

There  are  no  refineries  operating  in  the  planning  area,  although  the  refineries  in 
Long  Beach  and  Los  Angeles  (Toppozada  and  others,  1988)  will  be  affected  by 
the  earthquake.   Crude  oil  is  transported  to  those  refineries  by  pipelines  principally 
from  local  fields  and  from  fields  in  the  San  Joaquin  Valley  and  Oxnard  Plain. 
About  20  percent  of  the  crude  oil  is  imported  by  ocean  tankers.    Part  of  the 
resulting  network  of  petroleum  product  pipelines  and  one  crude  oil  line  passes 
through  the  planning  area  and  crosses  the  San  Jacinto  fault. 

Major  petroleum  crude  and  product  lines,  and  the  storage  distribution  tank  farms 
located  in  Colton  and  Rialto  are  shown  on  Map  P.    Site  visits  were  made  to  the 
Colton  tank  farms. 

Petroleum  Lines 

There  are  three  petroleum  pipeline  operators  in  the  planning  area: 

Santa  Fe  Pacific  Pipeline  Company  (SFPP) 

SFPP  transports  fuel  from  the  Long  Beach  area  to  their  Colton  tank  farm 
through  two  lines,  one  16  inch  and  one  20  inch.    In  Ontario,  fuel  is 
distributed  to  the  Ontario  International  Airport  through  a  6  inch  line.    From  the 
Colton  tank  farm,  two  6  inch  distribution  lines  supply  Norton  Air  Force  Base 
in  San  Bernardino  and  March  Air  Force  Base  in  Moreno  Valley.   The  Cal  Nev 
pipeline  company  obtains  its  fuel  oil  from  SFPP  at  the  Colton  distribution 
center.    Most  of  the  SFPP  fuel  is  transported  eastward  to  Phoenix,  Arizona 
through  two  lines,  one  12  inch  and  one  20  inch.   The  12  inch  line  is  not  in 
service  at  this  time. 
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Cal  Nev  Pipeline  Company 

Cal  Nev  has  two  product  pipelines  extending  through  the  Cajon  Pass 
northward  to  Las  Vegas,  Nevada.    One  line  is  14  inch  and  the  other  8  inch 
with  different  routes  through  the  San  Bernardino  area.   They  share  a  common 
trench  north  of  the  San  Andreas  fault  zone.   These  lines  furnish  fuel  to 
McCarran  Airport  in  addition  to  the  Las  Vegas  area. 

Arco  Pipeline 

The  16  inch  Arco  pipeline  runs  through  the  planning  area  south  of  Riverside 
and  into  the  Los  Angeles  -  Long  Beach  area.   This  is  a  crude  oil  line  from  the 
Four  Corners  Area  with  a  tie-in  to  the  All  American  Pipeline  to  Texas.   This 
line  does  not  serve  any  facilities  in  the  planning  area. 

Petroleum  Tank  Farms 

Major  tank  farms  with  pumping  and  distribution  facilities  are  located  in  Colton, 
approximately  3  miles  from  the  San  Jacinto  fault  in  an  area  with  predicted 
MMI  IX  ground  shaking  for  the  scenario  earthquake. 

The  SFPP  has  27  tanks  which  it  owns  and  leases.    It  also  leases  property  to 
several  oil  companies  that  have  installed  an  additional  27  tanks.    All  tanks  are 
welded  steel  designed  and  fabricated  to  API  specifications.    None  are  bolted 
down,  but  all  are  protected  by  containment  dikes.   Capacities  vary  from  2,500 
barrels  to  60,000  barrels,  with  the  largest  tank  95  feet  in  diameter  and  48  feet 
high.    Fire  protection  consists  of  subsurface  foam  injection  described  below  under 
"Fire  Hazard."    No  emergency  power  is  available. 


According  to  Quinn  (1992): 

"...  with  loss  of  power,  pump  units  at  Colton  shut  down.    All  pump  units 
at  upstream  locations  on  the  incoming  pipeline  are  also  shut  down. 
Control  circuits  at  Colton  are  powered  by  an  uninterruptible  power  supply 
(UPS)  to  allow  an  orderly  shut  down  of  the  pipeline  system  dtid 
communications  with  upstream  stations." 
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The  nearby  CPL  tank  farm  in  the  City  of  Colton  has  25  tanks  varying  from  7,000 
to  180,000  barrel  capacity.    Typically,  tank  capacities  vary  from  10,000  to 
30,000  barrels.   The  large  180,000  barrel  tank  has  a  height  of  48  feet  and  is  the 
only  tank  of  this  size.    These  tanks  and  other  equipment  and  piping  are  similar  to 
those  of  SFPP.   They  are  not  bolted  down,  but  they  have  containment  dikes 
around  individual  tanks  or  groups  of  tanks. 

Seismic  Considerations 

Because  there  are  no  refineries  in  the  planning  area,  earthquake  damage  in  this 
scenario  will  involve  only  pipeline  and  storage  tank  facilities.    Further,  much  of 
the  damage  produced  by  rupture  along  the  fault  will  involve  lines  exporting 
products  to  Nevada  and  Arizona,  where  the  effects  of  temporary  closure  can  be 
offset  by  boosting  storage  facilities  or  by  using  alternate  means  of  transport. 

Pipelines  designed  to  carry  products  under  high  pressure  are  inherently  strong  and 
have  performed  well  in  past  earthquakes.    A  large  diameter,  interstate,  natural 
gas  line  was  not  damaged  where  it  crossed  the  surface  rupture  produced  by  the 
White  Wolf  fault  during  the  1952  Kern  County  earthquake  (M7.7).    Fuel  lines 
were  undamaged  during  the  1979  Imperial  Valley  earthquake  (M6.4).    Pipeline 
damage  was  minimal  during  the  1983  Coalinga  earthquake  (M6.4).    Natural  gas 
transmission  lines  crossing  the  Turnagain  Arm  of  Cook  Inlet  at  Anchorage 
experienced  no  damage  in  the  1964  Alaska  earthquake  (M8.4)  despite  extensive 
ground  failure.   The  major  water  line  from  Hetch  Hetchy  Reservoir  to  San 
Francisco  performed  without  damage  in  the  1906  earthquake  (M8.3),  even 
though  much  of  it  was  in  Bay  mud.    On  the  other  hand,  major  natural  gas 
distribution  lines  in  the  fault  zone  failed  during  the  1971  San  Fernando  earthquake 
(M6.4). 
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Considerable  damage  and  leakage  occurred  to  petroleum  storage  tanks  in  the 
1989  Loma  Prieta  earthquake  (M7)  (EERI,  1990).    All  of  the  damage  occurred  at 
soft  soil  sites  and  typically  to  tanks  that  were  nearly  full.    Empty  tanks  suffered 
no  damage.    Unanchored  tanks  with  height  to  diameter  ratios  exceeding  0.50 
were  vulnerable.   All  the  tank  damage  was  associated  with  uplift  of  unanchored 
tank  walls,  with  uplift  displacements  of  6  to  8  inches  for  fully  loaded  tanks. 
Damage  included  compression  breaking  and  vertical  splitting  of  tank  walls,  along 
with  tearing  of  piping  connections.   All  leaks  were  confined  within  containment 
dikes.    No  fires  were  reported. 

The  Colton  tank  farm  is  located  on  a  soft  soil  site  in  the  Santa  Ana  River  basin 
where  MMI  will  be  IX.    Based  on  the  Loma  Prieta  experience,  tanks,  piping,  and 
connections  will  be  damaged  as  a  result  of  the  scenario  earthquake.   Spilled  fuel 
will  lead  to  a  major  fire  which  will  be  confined  to  the  dike  containment  area. 

Five  major  petroleum  pipelines  cross  the  fault  and  are  vulnerable  to  surface 
rupture  or  other  ground  failure.    Pipe  connections  at  storage  facilities  are 
especially  vulnerable  to  the  differing  response  between  buried  pipe  and  rigid 
structures. 

Valves  installed  on  many  of  these  pipelines  will  automatically  shut  off  when  the 
line  pressure  drops  below  a  particular  threshold,  such  as  would  occur  in  the  case 
of  a  pipe  rupture. 

According  to  Quinn  (1992): 

"This  statement  does  not  apply  to  the  motor  operated  valves  on  the 
Colton-Yuma  20  inch  line.    Colton  does  have  the  capability  to  send 
remote  commands  to  open  and  close  the  mainline  block  valves    The 
valves  do  not  close  automatically.    However,  in  case  of  a  problem 
(earthquake,  etc)  pump  units  supplying  pressure  and  flow  will  be  shut 
down     The  remote  mainline  block  valves  will  require  power  at  the  valve 
site  in  order  to  be  closed  by  remote  command.  ^Otherwise  personnel  will 
have  to  travel  to  the  valve  to  close  it  manually." 
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Planning  Considerations 

Emergency  planning  should  provide  for  distribution  of  fuel  to  those  locations 
designated  for  emergency  response  operation.   Adequate  emergency  power  and 
pumping  capability  should  be  available  at  fuel  storage  locations  for  refueling  of 
aircraft  and  other  emergency  vehicles.   The  locations  for  temporary  storage  of 
emergency  fuel  supplies,  including  those  for  aviation  fuels,  should  be 
predetermined  and  emergency  procedures  should  be  established  to  ensure  that 
these  supplies  will  be  available  when  needed. 

Fire  Hazard 

If  pipe  rupture  occurs  during  the  dry  season,  fire  could  be  a  serious  problem.   This 
threat  is  also  present  during  the  rainy  season  if  fluids  are  ignited  as  storm  waters 
wash  them  into  sewers. 

To  suppress  tank  fires,  a  foam  injection  system  consisting  of  a  mixture  of  "light 
water"  and  foam  is  introduced  under  pressure  into  the  tanks.    The  lighter  than  oil 
mixture  will  rise  to  the  top  and  smother  the  fire.    Manifolds  are  located  in 
strategic  locations  for  connection  of  this  injection  system.    SFPP  provided  a 
portable  foam  injection  system  to  the  City  of  Rialto  fire  department.   This  foam 
also  can  be  used  to  smother  fires  in  oil  that  have  leaked  into  the  dike  containment 
systems. 

A  serious  fire  occurred  on  a  Cal  Nev  pipeline  as  a  result  of  a  train  derailment  in 
the  Cajon  Canyon  area  near  Highland  Avenue  in  May  1989.    Train  clean-up  crews 
accidentally  punctured  a  pipeline.   The  ensuing  fire  burnt  several  homes.   The  oil 
burns  continued  for  several  hours,  until  all  the  oil  upstream  from  the  break  had 
been  consumed. 
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Planning  Scenario 

This  rather  conservative  scenario  anticipates  damage  and  closure  of  all  five 
pipelines  crossing  the  SJFZ.    Fuel  supplies  to  Norton  AFB  and  March  AFB  will  be 
cut  off,  while  fuel  supplies  to  Ontario  International  Airport  and  Chino  Airport  will 
not  be  interrupted.   Two  of  the  five  product  lines  crossing  the  fault  through  the 
City  of  San  Bernardino  will  trigger  fires  that  will  spread  to  local  buildings  before 
being  put  out. 

Damage  Assessments 

Damage  assessments  have  been  postulated  for  certain  petroleum  related  facilities 
as  set  forth  below.   The  statements  regarding  the  performance  of  facilities  are 
hypothetical  and  are  intended  for  planning  purposes  only.   They  are  not  to  be 
construed  as  site-specific  engineering  evaluations.   Locations  of  facilities  are 
shown  on  Map  P. 

According  to  Quinn  (1992): 

"...  the  time  necessary  to  make  repairs  will  depend  on  how  many 
pipelines  are  damaged.   The  pipelines  would  be  repaired  on  a  priority 
basis  with  the  least  priority  system  possibly  taking  several  days  before 
final  repairs  can  be  made  and  the  system  returned  to  service.   This  is 
largely  dependent  on  the  ability  of  local  contractors  to  respond  with 
immediate  manpower  and  equipment.   Due  to  the  possible  large  demand 
for  services,  out  of  area/state  assistance  may  be  required.   Response  time 
could  further  be  hampered  by  severe  damage  to  the  infrastructure  i.e. 
highways  &  bridges,  washouts  from  water-line  ruptures,  downed  power- 
lines,  etc." 

Typical  repair  times  for  petroleum  line  breaks  given  a  high  priority  will  be  3  davs, 
while  repair  times  will  be  longer  for  other  breaks. 
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MAP  NO.         PETROLEUM  PIPELINES 
P1  Cajon  Canyon 

Fuel  Line  Break 

Liquefaction  has  caused  the  pipeline  to  break,  spilling  fuel  into  Cajon 

Creek. 

P2  Product  Pipeline 

Open 

This  fuel  line  crosses  the  fault  at  right  angles,  and  will  suffer 
minimum  damage. 

P3  Lytle  Creek  Wash 

Fuel  Line  Break 

This  fuel  line  crossing  the  San  Jacinto  fault  has  ruptured  by 
compression  resulting  from  right-lateral  fault  displacement  south  of 
Baseline  Road.   The  spilled  fuel  is  contained  in  the  flood  control 
basin  where  it  mixes  with  the  water  escaping  from  the  broken 
California  Aqueduct  a  mile  to  the  south. 

P4  Colton  Avenue 

Fuel  Line  Break 

This  6  inch  fuel  line  crosses  the  San  Jacinto  fault  at  right  angles 
along  the  Southern  Pacific  Railroad.    It  has  ruptured  as  result  of 
surface  displacement  at  Lytle  Creek  Channel.   The  spilled  fuel  has 
entered  the  channel  and  drained  through  Warm  Creek  to  the  Santa 
Ana  River. 

P5  City  of  San  Bernardino 

Fuel  Line  Break 

After  crossing  the  San  Jacinto  fault,  this  fuel  line  continues  toward 

Norton  AFB  through  densely  populated  sections  of  the  City  of  San 
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Bernardino.   Liquefaction  in  this  area  of  high  water  table  has 
destroyed  several  sections  of  the  pipeline.   These  have,  in  turn, 
ignited  several  major  fires  which  cannot  be  fought  adequately  due  to 
the  low  water  pressure  resulting  from  broken  water  lines  in  the  area. 
Fortunately,  the  amount  of  spilled  fuel  is  quickly  limited  by  the 
leakage  at  the  aforementioned  break  (P4)  along  the  San  Jacinto 
fault. 

P6  Hunts  Lane 

Fuel  Line  Break 

This  20  inch  fuel  line  crossing  the  San  Jacinto  fault  has  been 
weakened  by  extension  resulting  from  right-lateral  fault 
displacements  north  of  the  intersection  of  Cooley  Lane  and  Hunts 
Lane.   The  line  is  closed  for  2  days  as  a  precaution  during 
excavation  and  inspection. 

P7  Colton  Storage  and  Distribution  Center 

These  major  tank  farms  described  above  under  General 
Characteristics,  are  severely  damaged  by  MMI  IX  shaking.   Fuel 
spilling  from  buckled  tanks  and  broken  pipeline  connections  results 
in  a  major  fire.    Some  containment  dikes  have  broken  allowing  fuel 
to  penetrate  into  the  ground. 

P8  Santa  Ana  River  Crossing,  Riverside 

Fuel  Line  Break 

After  crossing  the  Santa  Ana  River,  this  6  inch  fuel  line  continues 
toward  March  AFB.    Liquefaction  in  this  area  of  high  water  table  ha 
destroyed  a  section  of  the  pipeline.   The  spilled  fuel  is  leaking  into 
the  Santa  Ana  River. 
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P9  Riverside 

Crude  Pipeline 

Open 

The  liquefaction  threat  along  three  stream  crossings  on  the  south 

side  of  the  City  of  Riverside  has  not  been  realized.    Sand  boils  in  the 

area  attest  to  the  high  water  table  and  predicted  liquefaction,  but 

the  lateral  spreads  here  are  insufficient  to  damage  this  16  inch 

pipeline. 

P10  El  Casco 

Fuel  Line  Break 

A  seismically  induced  landslide  in  The  Badlands  southwest  of  San 

Timoteo  Canyon  has  destroyed  a  section  of  this  20  inch  fuel  line. 

P11  The  Badlands 

Crude  Pipeline 

A  seismically  induced  landslide  in  The  Badlands  southwest  of  San 

Timoteo  Canyon  has  destroyed  a  section  of  this  20  inch  crude  oil 

line. 

Effects  Outside  the  Planning  Area 

As  shown  in  the  Newport-lnglewood  earthquake  planning  scenario  (Toppozada 
and  others,  1988),  the  Long  Beach-Los  Angeles  harbor  areas  are  highly  vulnerable 
to  liquefaction.    Some  of  the  refineries  and  oil  transport  facilities  in  that  area  will 
be  damaged  from  the  San  Jacinto  event.    Although  shipments  to  the  planning 
area  will  not  be  affected,  all  petroleum  fuel  and  crude  oil  pipelines  to  Nevada  and 
Arizona  cross  the  San  Jacinto  fault.    Rupture  along  the  fault,  liquefaction  along 
the  Santa  Ana  River,  and  seismically  induced  landslides  in  The  Badlands  will 
interrupt  petroleum  export  for  more  than  3  days. 


191 


SAN  JACINTO  EARTHQUAKE  PLANNING  SCENARIO 


COLLOCATION  IMPACTS 

To  collocate  is  "to  place  side  by  side  or  in  a  definite  order."   Although  the 
collocation  of  lifelines  decreases  installation  costs,  it  generally  increases  the  hazard 
due  to  earthquake  damage.    Broken  sewer  lines  contaminate  broken  water  supply 
lines;  fallen  bridges  carry  pipelines  and  communication  lines  with  them.    The 
planning  area  contains  an  excellent  example  of  collocation  in  Cajon  Pass  (refer  to 
Photo  9). 

In  1989  a  railroad  accident  in  San  Bernardino  damaged  a  collocated  fuel  pipeline, 
which  led  to  leakage  of  fuel  that  was  under  pressure,  resulting  in  a  fire  that  burnt 
some  houses.   This  led  to  a  FEMA-sponsored  study  of  the  problem  in  relation  to 
earthquakes   (Lowe  and  others,  1991a;  1991b).    They  developed  a  systematic 
screening  method  for  analyzing  the  impacts.    Some  of  their  findings  are  listed  here: 

1 .  Although  each  lifeline  operator  may  know  the  precise  location  and 
condition  of  collocated  lifelines,  "each  such  authority  does  not  have 
direct  responsibility  or  authority  for  the  evaluation  of  the  other  facilities 
in  close  proximity  to  the  lifeline  for  which  they  are  responsible"  (Lowe 
and  others,  1991a,  p.  7). 

2.  Their  inventory  shows  four  places  that  are  especially  congested:  Cajon 
Junction,  Lone  Pine  Canyon  (which  contains  the  San  Andreas  fault 
crossing),  Blue  Cut,  and  south  of  the  1-15/1-215  interchange  (Lowe  and 
others,  1991b,  p.  2). 

3.  Although  all  five  fiber-optic  cable  systems  crossing  the  mountains  are 
collocated  with  each  other,  with  highway  bridges  (Lowe  and  others, 
1991a,  Figure  3.2-3),  and  with  water  supply  lines  (Lowe  and  others, 
1991a,  Figure  3.2-8),  each  of  the  major  long-distance  companies  can 
reroute  calls  in  the  event  of  a  major  break. 
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4.  Electrical  line  breaks  are  not  impossible~a  strong  wind  broke  a  line  near 
Devore  and  caused  a  200  acre  brush  fire  (Lowe  and  others,  1991a, 

p.  46).   This  ignition  source  becomes  especially  important  when 
electrical  transmission  lines  are  collated  with  gas  and  fuel  lines  in  areas 
of  ground  failure  and  high  shaking  intensity. 

5.  As  recently  as  1980,  the  guidelines  for  installing  liquid  fuel  pipelines 
had  no  provisions  specific  to  seismic  hazards  (Lowe  and  others,  1991a, 
p.  53). 

6.  Petroleum  product  pipelines  are  hung  under  the  Baldy  Mesa  Road  bridge 
over  the  California  Aqueduct  (Lowe  and  others,  1991a,  Figure  3.4-8). 

7.  Highways  through  the  pass  "cross  over  or  pass  under  major  rail  lines  at 
ten  points,  cross  over  natural  gas  and  petroleum  products  pipelines  and 
communications  lines  at  numerous  points,  and  cross  under  the  high 
voltage  power  transmission  lines. .."(Lowe  and  others,  1991a,  p.  58). 

8.  "Ground  movement  is  more  important  than  ground  shaking  for  lifeline 
components,  especially  buried  lifelines  and  electrical  transmission 
towers"  (Lowe  and  others,  1991b,  p.  2). 

9.  "Fuel  pipeline  failures  have  the  greatest  impact  on  the  other  lifelines 
during  the  immediate  recovery  period  after  an  earthquake"  (Lowe  and 
others,  1991b,  pp.  2-3). 

10.  Current  siting  practices  for  fiber-optic  cables  will  lead  to  more  severe 
telephone  communication  failures  than  experienced  in  the  past  (Lowe 
and  others,  1991b,  p.  3). 
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1 1 .    The  survival  of  collocated  lifelines  is  dependent  on  the  weakest  lifeline 
among  them.    Similarly,  restoration  time  for  collocated  lines  is 
dependent  on  whichever  line  has  the  longest  restoration  time  (Lowe 
and  others,  1991b,  p.  3). 
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GLOSSARY 


ALLUVIUM 


Surficial  sediments  consisting  of  poorly  consolidated 
gravels,  sands,  silts,  and  clays  deposited  by  flowing 
water. 


BEDROCK 


A  general  term  for  coherent,  usually  solid  rock,  that 
underlies  soil  or  other  unconsolidated  surficial 
material. 


DEFORMATION 


A  general  term  for  the  processes  of  folding,  faulting, 
shearing,  compression,  or  extension  of  rocks. 


EARTHQUAKE 


Vibratory  motion  propagating  within  the  earth  or 
along  its  surface  caused  by  the  abrupt  release  of 
strain  from  elastically  deformed  rock  by  displacement 
along  a  fault. 


FAULT 


A  fracture  (rupture)  or  a  zone  of  fractures  along 
which  there  has  been  displacement  of  adjacent  earth 
material. 


FAULT  LINE 


A  scarp  that  has  been  produced  by  differential 
erosion  along  an  old  fault  line. 


GROUND  FAILURE 


Permanent  ground  displacement  produced  by  fault 
rupture,  differential  settlement,  liquefaction,  or  slope 
failure. 


GROUND  RUPTURE 


Displacement  of  the  earth's  surface  as  a  result  of 
fault  movement  associated  with  an  earthquake. 


ISOSEISMAL  AREA 


An  area  composed  of  points  of  equal  earthquake 
intensity  on  the  earth's  surface. 


INTENSITY 


LIFELINES 


A  measure  of  the  effects  of  an  earthquake  at  a 
particular  place.    Intensity  depends  on  the  earthquake 
magnitude,  distance  from  epicenter,  and  on  the  local 
geology. 

Facilities  such  as  highways,  bridges,  tunnels,  major 
airports,  electrical  power  lines,  fuel  pipelines, 
communication  lines,  water  supply  lines,  marine 
terminals  and  railroads. 
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GLOSSARY  (cont) 


LIQUEFACTION 


MAGNITUDE 


The  transitory  transformation  of  sandy  water 
saturated  alluvium  with  properties  of  a  solid  into  a 
state  possessing  properties  of  a  liquid  as  a  result  of 
earthquake  shaking. 

A  measure  of  the  size  of  an  earthquake,  as 
determined  by  measurements  from  seismographic 
records. 


MODIFIED  MERCALLI 
INTENSITY  SCALE 


Refer  to  Appendix  A. 


REINFORCED  MASONRY 

ROSSI-FOREL 
INTENSITY  SCALE 


Masonry  construction  with  steel  reinforcement. 
Refer  to  Appendix  A. 


WATER  TABLE 


The  upper  surface  of  ground  water  saturation  of 
pores  and  fractures  in  rock  or  surficial  earth 
materials. 
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APPENDIXES 


SCENARIO  MAPS  AND  DAMAGE  ASSESSMENTS 

ARE  INTENDED  FOR  EMERGENCY  PLANNING 

PURPOSES  ONLY 


THEY  ARE  BASED  UPON  THE  FOLLOWING  HYPOTHETICAL 
CHAIN  OF  EVENTS: 

1.  A  PARTICULAR  EARTHQUAKE  OCCURS 

2.  VARIOUS  LOCALITIES  IN  THE  PLANNING  AREA 
EXPERIENCE  A  SPECIFIC  TYPE  OF  SHAKING  OR  GROUND 
FAILURE 

3.  CERTAIN  CRITICAL  FACILITIES  UNDERGO  DAMAGE  AND 
OTHERS  DO  NOT 

THE  CONCLUSIONS  REGARDING  THE  PERFORMANCE  OF 
FACILITIES  ARE  HYPOTHETICAL  AND  NOT  TO  BE  CONSTRUED 
AS  SITE-SPECIFIC  ENGINEERING  EVALUATIONS.  FOR  THE 
MOST  PART,  DAMAGE  ASSESSMENTS  ARE  STRONGLY 
INFLUENCED  BY  THE  SEISMIC  INTENSITY  DISTRIBUTION  MAP 
DEVELOPED  FOR  THIS  PARTICULAR  SCENARIO  EARTHQUAKE. 
THERE  IS  DISAGREEMENT  AMONG  INVESTIGATORS  AS  TO 
THE  MOST  REALISTIC  MODEL  FOR  PREDICTING  SEISMIC 
INTENSITY  DISTRIBUTION.  NONE  HAVE  BEEN  FULLY  TESTED 
AND  EACH  WOULD  YIELD  A  DIFFERENT  EARTHQUAKE 
PLANNING  SCENARIO.  FACILITIES  THAT  ARE  PARTICULARLY 
SENSITIVE  TO  EMERGENCY  RESPONSE  WILL  REQUIRE  A 
DETAILED  GEOTECHNICAL  STUDY. 

THE  DAMAGE  ASSESSMENTS  ARE  BASED  UPON  THIS  SPECIFIC 
SCENARIO.  AN  EARTHQUAKE  OF  SIGNIFICANTLY  DIFFERENT 
MAGNITUDE  ON  THIS  OR  ANY  ONE  OF  MANY  OTHER  FAULTS 
IN  THE  PLANNING  AREA  WILL  RESULT  IN  A  MARKEDLY 
DIFFERENT  PATTERN  OF  DAMAGE. 
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APPENDIX    A 

Modified  Mercalli  Intensity  Scale  of  Wood  and  Neumann, 
and  its  Relation  to  the  Rossi-Forel  Scale 
The  numbers  in  parentheses  in  the  left  margin  and  the  initials  R.F.  refer  to  the    Rossi-Forel  intensity  scale. 


I  Not  felt  —  or,  except  rarely  under  especially  favorable  circumstances. 

Under  certain  conditions,  at  and  outside  the  boundary  of  the  area  in  which  a  great 
(l  R-F.]  shock  is  felt: 

sometimes  birds,  animals,  reported  uneasy  or  disturbed; 
sometimes  dizziness  or  nausea  experienced; 

sometimes  trees,  structures,  liquids,  bodies  of  water,  may  sway — doors  may  swing, 
very  slowly. 

||  Felt  indoors  by  few,  especially  on  upper  floors,  or  by  sensitive,  or  nervous  persons. 

Also,  as  in  grade  1,  but  often  more  noticeably: 
[I  to  II  R.F.]  sometimes  hanging  objects  may  swing,  especially  when  delicately  suspended; 

sometimes  trees,  structures,  liquids,  bodies  of  water,  may  sway,  doors  may  swing, 

very  slowly; 
sometimes  birds,  animals,  reported  uneasy  or  disturbed; 
sometimes  dizziness  or  nausea  experienced. 

HI  Felt  indoors  by  several,  motion  usually  rapid  vibration. 

Sometimes  not  recognized  to  be  an  earthquake  at  first. 
[Ill  R.F.]  Duration  estimated  in  some  cases. 

Vibration  like  that  due  to  passing  of  light,  or  lightly  loaded  trucks,  or  heavy  trucks  some 

distance  away. 
Hanging  objects  may  swing  slightly. 

Movements  may  be  appreciable  on  upper  levels  of  tall  structures. 
Rocked  standing  motor  cars  slightly. 

IV  Felt  indoors  by  many,  outdoors  by  few. 

Awakened  few,  especially  light  sleepers. 
[IV  to  V  R.F.]  Frightened  no  one,  unless  apprehensive  from  previous  experience. 

Vibration  like  that  due  to  passing  of  heavy,  or  heavily  loaded  trucks. 
Sensation  like  heavy  body  striking  building,  or  falling  of  heavy  objects  inside. 
Rattling  of  dishes,  windows,  doors;  glassware  and  crockery  clink  and  clash. 
Creaking  of  walls,  frame,  especially  in  the  upper  range  of  this  grade. 
Hanging  objects  swung,  in  numerous  instances. 
Disturbed  liquids  in  open  vessels  slightly. 
Rocked  standing  motor  cars  noticeably. 

V  Felt  indoors  by  practically  all,  outdoors  by  many  or  most:  outdoors  direction  estimated. 

Awakened  many,  or  most. 
[V  to  VI  R.F.]  Frightened  few — slight  excitement,  a  few  ran  outdoors. 

Buildings  trembled  throughout. 
Broke  dishes,  glassware,  to  some  extent. 
Cracked  windows — in  some  cases,  but  not  generally. 

Overturned  vases,  small  or  unstable  objects,  in  many  instances,  with  occasional  fall. 
Hanging  objects,  doors,  swing  generally  or  considerably. 
Knocked  pictures  against  walls,  or  swung  them  out  of  place. 
Opened,  or  closed,  doors,  shutters,  abruptly. 
Pendulum  clocks  stopped,  started,  or  ran  fast,  or  slow. 
Moved  small  objects,  furnishings,  the  latter  to  slight  extent. 
Spilled  liquids  in  small  omounts  from  well-filled  open  containers. 
Trees,  bushes,  shaken  slightly. 

VI  Felt  by  all,  indoors  and  outdoors. 

Frightened  many,  excitement  general,  some  alarm,  many  ran  outdoors. 
[VI  to  VII  R.F.]  Awakened  all. 

Persons  made  to  move  unsteadily. 

Trees,  bushes,  shaken  slightly,  moderately. 

Liquid  sit  in  strong  motion. 

Small  bells  rang — church,  chapel,  school,  etc. 
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Appendix    A  (continued) 

Damage  slight  in  poorly  built  buildings. 

Fall  of  plaster  in  small  amount. 

Cracked  plaster  somewhat,  especially  fine  cracks;  chimneys  in  some  instances. 

Broke  dishes,  glassware,  in  considerable  quantity,  also  some  windows. 

Fall  of  knick-knacks,  books,  pictures. 

Overturned  furniture  in  many  instances. 

Moved  furnishings  of  moderately  heavy  kind. 

VII  Frightened  all — general  alarm,  all  ran  outdoors. 

Some,  or  many,  found  it  difficult  to  stand. 
[VIII -R.F.]  Noticed  by  persons  driving  motor  cars. 

Trees  and  bushes  shaken  moderately  to  strongly. 

Waves  on  ponds,  lakes,  and  running  water. 

Water  turbid  from  mud  stirred  up. 

Incaving  to  some  extent  of  sand  or  gravel  stream  banks. 

Rong  large  church  bells,  etc. 

Suspended  objects  made  to  quiver. 

Damage  negligible  in  buildings  of  good  design  and  construction,  slight  to  moderate  in 
well-built  ordinary  buildings,  considerable  in  poorly  built  or  badly  designed  buildings, 
adobe  houses,  old  walls    (especially  where  laid  up  without  mortar),  spires,  etc. 
Cracked  chimneys  to  considerable  extent,  walls  to  some  extent. 
Fall  of  plaster  in  considerable  to  large  amount,  also  some  stucco. 
Broke  numerous  windows,  furniture  to  some  extent. 
Shook  down  loosened  brickwork  and  tiles. 

Broke  weak  chimneys  at  the  roof-line   (sometimes  damaging  roofs). 
Fall  of  cornices  from  towers  and  high  buildings. 
Dislodged  bricks  and  stones. 

Overturned  heavy  furniture,  with  damage  from  breaking. 
Damage  considerable  to  concrete  irrigation  ditches. 

VIII  Fright  general — alarm  approaches  panic. 

Disturbed  persons  driving  motor  cars. 
[VIII  +  to  IX  —  R.F.]  Trees  shaken  strongly — branches,  trunks,  broken  off,  especially  palm  trees. 

Ejected  sand  and  mud  in  small  amounts. 
Changes:  temporary,  permanent;  in  flow  of  springs  and  wells;  dry  wells  renewed  flow; 

in  temperature  of  spring  and  well  waters. 
Damage  slight  in  structures   (brick)    built  especially  to  withstand  earthquakes. 
Considerable  in  ordinary  substantial  buildings,  partial  collapse,  racked,  tumbled  down, 

wooden  houses  in  some  cases,-  threw  off  panel  walls  in  frame  structures,  broke  off 

decayed  piling. 
Fall  of  walls. 
Cracked,  broke,  solid  stone  walls  seriously. 

Wet  ground  to  some  extent,  also  ground  on  steep  slopes. 
Twisting,  fall,  of  chimneys,  columns,  monuments,  also  factory  stacks,  towers. 
Moved  conspicuously,  overturned,  very  heavy  furniture. 

IX  Panic  general. 

Cracked  ground  conspicuously. 
[IX  +  R.F.]  Damage  considerable  in  (masonry)  structures  built  especially  to  withstand  earthquakes: 

threw  out  of  plumb  some  wood-frame  houses  built  especially  to  withstand  earth- 
quakes; 
great  in  substantial   (masonry)   buildings,  some  collapse  in  large  part; 
or  wholly  shifted  frame  buildings  off  foundations,  racked  frames; 
serious  to  reservoirs;  underground  pipes  sometimes  broken. 

X  Cracked  ground,  especially  when  loose  and  wet,  up  to  widths  of  several  inches;  fissures 

up  to  a  yard  in  width  ran  parallel  to  canal  and  stream  banks. 
[X  R-F.)  Landslides  considerable  from  river  banks  and  steep  coasts. 

Shifted  sand  and  mud  horizontally  on  beaches  and  flat  land. 

Changed  level  of  water  in  wells. 

Threw  water  on  banks  of  canals,  lakes,  rivers,  etc. 
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Damage  serious  to  dams,  dikes,  embankments. 

Severe  to  well-built  wooden  structures  and  bridges,  some  destroyed. 

Developed  dangerous  cracks  in  excellent  brick  walls. 

Destroyed  most  masonry  and  frame  structures,  also  their  foundations. 

Bent  railroad  rails  slightly. 

Tore  apart,  or  crushed  endwise,  pipe  lines  buried  in  earth. 

Open  cracks  and  broad  wavy  folds  in  cement  pavements  and  asphalt  road  surfaces. 

XI  Disturbances  in  ground  many  and  widespread,  varying  with  ground  material. 

Broad  fissures,  earth  slumps,  and  land  slips  in  soft,  wet  ground. 

Ejected  water  in  large  amount  charged  with  sand  and  mud. 

Caused  sea-waves   ("tidal"  waves)   of  significant  magnitude. 

Damage  severe  to  wood-frame  structures,  especially  near  shock  centers. 

Great  to  dams,  dikes,  embankments,  often  for  long  distances. 

Few,  if  any,  (masonry)   structures  remained  standing. 

Destroyed  large  well-built  bridges  by  the  wrecking  of  supporting  piers,  or  pillars. 

Affected  yielding  wooden  bridges  less. 

Bent  railroad  roils  greatly,  and  thrust  them  endwise. 

Put  pipe  lines  buried  in  earth  completely  out  of  service. 

XII  Damage  total — practically  all  works  of  construction  damaged  greatly  or  destroyed. 

Disturbances  in  ground  great  and  varied,  numerous  shearing  cracks. 

Landslides,  falls  of  rock  of  significant  character,  slumping  of  river  banks,  etc.,  numerous 

and  extensive. 
Wrenched  loose,  tore  off,  large  rock  masses. 

Fault  slips  in  firm  rock,  with  notable  horizontal  and  vertical  offset  displacements. 
Water  channels,  surface  and  underground,  disturbed  and  modified  greatly. 
Dammed  lakes,  produced  waterfalls,  deflected  rivers,  etc. 
Waves  seen  on  ground  surfaces    (actually  seen,  probably,  in  some  cases). 
Distorted  lines  of  sight  and  level. 
Threw  objects  upward  into  the  air. 
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APPENDIX  B 

LANDERS  AND  BIG  BEAR  EARTHQUAKES 
Impact  on  Lifelines 

The  geologic  and  seismologic  effects  of  the  1992  June  28  Landers  and  Big  Bear 
earthquakes  of  M7.5  and  M6.6  are  summarized  by  the  Division  of  Mines  and 
Geology  in  the  January/February  1993  issue  of  California  Geology,  (Barrows, 
1993;  Hart  and  others,  1993;  Toppozada,  1993). 

The  following  lifeline  information  is  mostly  abstracted  from  the  Earthquake 
Engineering  Research  Institute  report  (EERI,  1992).    Damage  to  water  and  gas 
systems  and  highways  was  limited  to  the  epicentral  region  because  of  the 
sparsity  of  population  in  the  desert  environment. 

Water  Systems 

Water  distribution  systems  suffered  damage  to  pipelines  and  storage  tanks. 
Ground-water  wells  and  storage  tanks  supply  all  the  water  in  the  Landers 
epicentral  area.   Water  customers  were  without  water  for  several  hours  to  2 
weeks.    Hundreds  of  water  line  breaks  were  reported  in  the  Landers  area.    Much 
of  the  pipeline  damage  occurred  in  the  fault  zone,  where  the  pipes  were  not  able 
to  survive  the  large  displacements. 

Several  water  tanks  ranging  in  size  from  42,000  gallons  (160,000  liters)  to 
417,000  gallons  (1.6  megaliters)  were  damaged.    Four  damaged  tanks  were 
removed  from  service.    Damage  included  bulging  at  the  base  of  the  tank 
(elephants  foot),  shell  and  roof  damage,  shell  splitting  at  access  hatches,  and 
severed  piping.   There  was  no  reported  damage  to  water  wells  or  booster 
pumping  plants  other  than  loss  of  power  supply  and  ground  subsidence  adjacent 
to  wells. 
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Damage  to  water  systems  was  less  severe  in  the  Big  Bear  area.    According  to  the 
Public  Works  Director  of  the  City  of  Big  Bear  Lake,  there  were  approximately  50 
water  pipe  repairs  made  in  the  first  2  days.   Water  storage  tanks  appeared  to  be 
undamaged. 

Water  pipe  breaks  reportedly  occurred  in  buildings  as  far  away  as  Westminster, 
Santa  Ana,  and  San  Diego. 

Waste  Water 

Waste  water  disposal  in  the  Yucca  Valley  area  is  handled  by  private  individual 
sewage  disposal  facilities.    Concern  about  waste  contamination  from  waste  water 
in  Yucca  Valley  led  to  recommendations  that  all  drinking  water  be  boiled  before 
use.   This  advisory  remained  in  effect  for  2  weeks  until  both  systems  were 
inspected  and  repaired. 

In  the  Big  Bear  Lake  area  a  regional  waste  water  agency  collects  sewage  from 
several  communities,  treats  the  water,  and  discharges  the  treated  water  to 
Lucerne  Valley  for  irrigation.   There  was  no  operational  damage  to  the  collection 
and  discharge  lines.    Although  some  damage  occurred  within  the  secondary 
treatment  plant,  there  was  adequate  storage  for  untreated  waste  water.    After 
repair,  the  biological  treatment  process  was  resumed  and  there  was  no  loss  in 
operation  of  the  system. 

Electric  Power  System 

The  major  electric  power  agency  in  and  around  Landers  lost  service  to  550,000 
customers  due  to  localized  damage  within  the  distribution  system.  Most  of  the 
service  was  restored  within  24  hours.  There  was  no  operational  damage  to  the 
high  voltage  system. 

The  Big  Bear  Lake  area  is  served  by  another  electric  agency  which  purchases 
energy  from  the  major  utility.    In  this  area,  5,000  customers  lost  service,  also  due 
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to  localized  failures.    Service  was  restored  to  95  percent  of  the  customers  within 
2  hours.    In  the  Los  Angeles  area  power  service  was  lost  to  51,000  customers, 
again  due  to  distribution  system  failures.    Nearly  all  had  service  restored  within 
24  hours. 

The  high  voltage  power  transmission  system  performed  well.   The  positive 
performance  can  be  attributed  to  the  distance  between  the  fault  trace  and 
historically  vulnerable  switchyards.    Significant  damage  was  limited  to  severe 
deformation  of  a  high  voltage  transmission  tower  located  astride  the  north  end  of 
the  Camp  Rock-Emerson  surface  fault  rupture.   The  fault  passed  directly  between 
the  legs  of  the  bolted  steel  frame  220kV  tower,  moving  two  of  the  legs  approxi- 
mately 9  feet  (3  m)  from  the  other  two  legs.   This  resulted  in  substantial 
deformation  of  the  steel  tower  and  failure  of  several  braces.    No  damage  was 
sustained  by  the  lines  or  ceramic  insulators  and  the  tower  continued  to  provide 
adequate  support.   The  lines  were  later  disconnected  from  the  electrical  grid  as  a 
precaution  during  repairs.   The  fault  also  passed  near  two  500kV  towers  resulting 
in  slight  deformation  of  several  tower  braces,  caused  by  several  inches  of  relative 
displacement  of  the  tower  legs. 

Transportation  Lifelines 

State  Highway  247  (Old  Woman  Springs  Road)  was  disrupted  in  10  locations. 
Traffic  was  not  fully  restored  until  8  days  later.    Other  county  and  gravel  roads  in 
the  area  were  similarly  disrupted,  but  remained  open  to  traffic  while  repairs  were 
conducted.    State  Highway  38  to  Big  Bear  Lake  remained  closed  for  2  weeks 
because  of  rockslides.    Restrictions  to  travel  on  Highway  247  south  of  Lucerne 
Valley  were  imposed  to  reduce  congestion  in  the  Big  Bear  area. 

Caltrans  reported  that  although  there  are  over  100  bridges  of  all  types  and  ages 
in  the  area,  only  three  showed  any  effects  from  the  earthquakes.   The  Santa  Ana 
River  Bridge,  (a  three-span  T-beam  bridge  on  Route  38)  and  Pisgah  O.H.  (a  three- 
span  steel  girder  bridge  on  Route  40)  both  showed  soil  movement  at  the 
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abutments  and  slight  cracking  of  the  deck  near  the  wing  walls.   The  Northwest 
Connector  of  the  Colton  Interchange  (a  long  concrete  box  girder  bridge  between 
1-10  and  Route  215)  had  a  slight  drop  at  the  hinges,  probably  from  delamination 
of  the  elastomeric  bearing  pads. 

Operations  at  one  military  and  three  small  civilian  airports  in  the  Yucca  Valley  area 
were  not  affected  by  the  earthquakes,  despite  minor  cracking  of  runways  and 
taxiways  and  some  loss  of  power. 

Telephone  and  Other  Communications 

Telephone  systems  performed  well,  although  telephone  service  was  affected  by 
the  usual  post-earthquake  high  volume  congestion.    Reported  damage  included  a 
downed  overhead  cable  and  a  few  tension  failures  in  buried  cable.    Although 
there  were  some  temporary  disruptions  immediately  following  the  event, 
telephones  were  generally  working  throughout  the  epicentral  region  within  a  few 
hours.   Sporadic  local  outages  were  reported  for  about  3  days  following  the 
earthquakes. 

One  FM  radio  station  in  Yucca  Valley,  which  had  an  emergency  backup  power 
supply,  continued  to  operate  after  the  earthquakes  providing  valuable  public 
information.   The  local  radio  station  in  Big  Bear  also  remained  in  service. 

Gas  Systems 

There  was  no  damage  to  two  high  pressure  gas  transmission  lines  passing 
through  the  area.    One  was  a  6  inch  line  south  of  the  primary  rupture  zone,  and 
the  other  was  a  30  inch  line  north  of  the  primary  rupture  zone.   There  was  some 
nonstructural  damage  to  a  compressor  station  on  the  30  inch  line. 

The  cities  of  Yucca  Valley  and  Joshua  Tree  have  underground  natural  gas 
distribution  systems  that  showed  no  significant  damage. 
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Homes  in  the  town  of  Landers  are  heated  using  propane  gas  from  above  ground 
tanks.    Homes  are  typically  served  by  small  unanchored  propane  tanks.    Some  of 
these  tanks  slid  far  enough  to  fall  off  their  concrete  pads  and  rupture  the  attached 
piping.    Unbraced  hot  water  tanks  toppled,  breaking  their  propane  line 
connections  in  some  cases.    Fires  resulted  in  several  instances.    Horizontal 
propane  tanks  at  the  Landers  Elementary  School  rotated  approximately  18  inches 
about  their  central  axis.    In  this  instance  there  was  no  damage,  because  the  tanks 
were  connected  to  underground  piping  via  flexible  piping. 

In  the  town  of  Big  Bear,  the  natural  gas  system  did  not  suffer  any  breaks  in  its 
main  lines,  although  many  end-user  gas  connections  were  broken  due  to  shifting 
of  houses  off  of  their  foundations.    Some  areas  around  Big  Bear  rely  on  propane 
tanks  for  fuel.    Damage  to  unanchored  tanks  was  similar  to  that  in  the  Landers 
area. 

Casualties  and  Damage 

OES  reported  1  death,  25  serious  injuries,  and  372  other  injuries  as  a  result  of  the 
earthquakes.    In  San  Bernardino  County  77  homes  were  destroyed  and  4,369 
were  damaged,  with  losses  estimated  at  $47.5  million.    Twenty-seven  businesses 
suffered  major  damage  or  destruction,  and  an  additional  139  suffered  lesser 
amounts  of  damage,  resulting  in  losses  estimated  at  $17  million.    Public  sector 
damage,  including  water  and  sewer  damage  and  damage  to  public  buildings  was 
estimated  at  $26.6  million.    In  Riverside  County  the  damage  to  24  residences  and 
7  businesses  was  slightly  less  than  $1  million. 

Triggered  or  Stimulated  Seismicity 

Within  minutes  after  the  Landers  earthquake,  hundreds  of  small  earthquakes 
(M<_3)  occurred  in  volcanic  areas  near  Mammoth  Lakes  in  central  California  and 
near  Mount  Shasta  in  northern  California. 
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On  June  29,  1989,  a  M5.6  earthquake  struck  near  the  Nevada  California  border, 
near  the  southern  end  of  the  Nevada  Test  Site.    Damage  to  a  Department  of 
Energy  unreinforced  masonry  office  building  included  cracks  in  the  outside  walls, 
damage  to  interior  steel  frame  doors,  and  broken  glass.   The  building  is  about  6 
miles  (10  km)  from  a  proposed  underground  radioactive  waste  site. 

The  western  Mojave  Desert  also  experienced  an  increase  in  seismic  activity, 
including  a  M5.5  earthquake  on  1992  July  1 1,  near  the  junction  of  the  Garlock 
and  Sierra  Nevada  faults,  about  200  km  northwest  of  Landers. 

Seismicity  at  several  other  sites  as  far  as  Yellowstone  National  Park,  750  miles 
(1,207  km)  from  Landers  also  increased  markedly  following  the  Landers 
earthquake.   The  conventional  wisdom  that  seismicity  is  triggered  only  within 
about  one  source  dimension  (50  mile  rupture  for  Landers)  is  being  reevaluated,  at 
least  for  M_>7.5  earthquakes. 
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APPENDIX  C 


ALQUIST-PRIOLO  SPECIAL  STUDIES  ZONE  MAPS 


Scale:  I  inch  equals  approximately  16  miles 
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APPENDIX  D 


EARTHQUAKE  PLANNING  SCENARIO  MAPS 


MAP  SUBJECT 
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THEY  ARE  BASED  UPON  THE  FOLLOWING  HYPOTHETICAL 
CHAIN  OF  EVENTS: 

1.  A  PARTICULAR  EARTHQUAKE  OCCURS 

2.  VARIOUS  LOCALITIES  IN  THE  PLANNING  AREA 
EXPERIENCE  A  SPECIFIC  TYPE  OF  SHAKING  OR  GROUND 
FAILURE 

3.  CERTAIN  CRITICAL  FACILITIES  UNDERGO  DAMAGE  AND 
OTHERS  DO  NOT 

THE  CONCLUSIONS  REGARDING  THE  PERFORMANCE  OF 
FACILITIES  ARE  HYPOTHETICAL  AND  NOT  TO  BE  CONSTRUED 
AS  SITE-SPECIFIC  ENGINEERING  EVALUATIONS.  FOR  THE 
MOST  PART,  DAMAGE  ASSESSMENTS  ARE  STRONGLY 
INFLUENCED  BY  THE  SEISMIC  INTENSITY  DISTRIBUTION  MAP 
DEVELOPED  FOR  THIS  PARTICULAR  SCENARIO  EARTHQUAKE. 
THERE  IS  DISAGREEMENT  AMONG  INVESTIGATORS  AS  TO 
THE  MOST  REALISTIC  MODEL  FOR  PREDICTING  SEISMIC 
INTENSITY  DISTRIBUTION.  NONE  HAVE  BEEN  FULLY  TESTED 
AND  EACH  WOULD  YIELD  A  DIFFERENT  EARTHQUAKE 
PLANNING  SCENARIO.  FACILITIES  THAT  ARE  PARTICULARLY 
SENSITIVE  TO  EMERGENCY  RESPONSE  WILL  REQUIRE  A 
DETAILED  GEOTECHNICAL  STUDY. 

THE  DAMAGE  ASSESSMENTS  ARE  BASED  UPON  THIS  SPECIFIC 
SCENARIO.  AN  EARTHQUAKE  OF  SIGNIFICANTLY  DIFFERENT 
MAGNITUDE  ON  THIS  OR  ANY  ONE  OF  MANY  OTHER  FAULTS 
IN  THE  PLANNING  AREA  WILL  RESULT  IN  A  MARKEDLY 
DIFFERENT  PATTERN  OF  DAMAGE. 
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